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ZnS nanoparticles doped with transition metals (Mn,Co,Ni,Cu, and Fe) were successively 
synthesized by a simple chemical method using alkyl hydroxyl ethyl dimethyl ammonium 
chloride (HY) as capping agent. The influence of various reaction conditions and dopant 
concentrations on the formation, phase, morphology and optical properties of NPs have 
been investigated and discussed. XRD studies clearly showed the formation of zinc blende 
phase (cubic) of ZnS and also confirm that transition metal atoms are incorporated into the 
lattice of ZnS as no impurity  peak of dopants was found. But broadening in the diffraction 
peaks with different molar concentrations of transition metal ions suggests the presence of 
ions on the surface of ZnS. The average crystallite size decreases as the concentration of 
dopants was increased. The lattice constants of the samples decreases slightly by the 
introduction of dopants. TEM micrograph  showed the uniformity in shape of synthesized 
nanoparticles.  The band gap of the NPs was calculated from the absorption spectra and 
found to be higher than that of the bulk  counterpart. Also, UV-visible studies showed that 
band gap of ZnS increases as the  concentration of dopant increases. The 
photoluminescence emission band exhibits a blue shift for transition metal-doped ZnS 




  دراسة الخواص الضوئیة للجسیمات النانونیة لكبریتید الزنك
المطعم بالعناصر االنتقالیة   
  الملخص العربي
تصف الرسالة تحضیر كبریتید الخارصین كجسیمات نانونیة وتطعیم كبریتید الخارصین ببعض 
دام طرق یعتمد تحضیر كبریتید الخارصین علي استخ. )Cuو Co,Ni,Mn,Fe(العناصر األنتقالیة 
كمادة  (alkyl hydroxyl ethyl dimethyl ammonium chloride) م المسیل كیمیائیة بسیطة باستخدا
تم دراسة . الخارصین في حجم المیكرو دیكبریتتجمع جسیمات  أعاقةذات نشاط سطحي تعمل علي 
المطعم و ما تأثیر المادة ذات النشاط السطحي علي هده الخواص  ZnSو  ZnSالخواص الضوئیة ل 
  :تتضمن الرسالة ثالثة فصول .و حجم الجسیمات
  :ول الفصل اال 
عندما ) الضوئیة و الكهربائیة ، الفیزیائیة ، الكیمیائیة (ریة و الخواصیتضمن مقدمة عن األسس النظ
، الكیمیائیة (لیط الضوء علي مدي تغیر الخواص تس. تكون المادة في حجم الجسیمات النانونیة
  . )الضوئیة و الكهربائیة، یزیائیة الف
و الذي تبین فیه عدم وجود أي  ZnSلخواص الضوئیة ل هدا الفصل یشمل مرجعیة شاملة لدراسة ا
  .كمادة ذات نشاط سطحي HYباستخدام   ZnSبحث یشمل تحضیر 
  :الفصل الثاني 
المواد الكیمیائیة المستخدمة في التحضیر والدراسة و درجة نقاوتها  الجزء العمليیصف هدا الفصل 
لق بطریقة التخلیق أو بالعوامل التي تم دراسة وطرق تحضیر المحالیل وآلیة العمل نفسه سواء فیما یتع
  .أثرها على حجم هذه الجسیمات واألجهزة المستخدمة لذلك
  :الفصل الثالث 
یختص هدا الفصل باستقراء النتائج و االستنتاجات المبنیة علیها حیث تم تحضیر سبعة عشر عینیة 
  .المطعم  ZnSو   ZnS من
  :نوقشت النقاط التالیة 
VIII 
 
ر المادة ذات النشاط السطحي علي حجم الجسیمات النانونیة و كذلك تأثیرها علي طیف مدي تأثی - 1
فوق المرئیة و ال - لك علي طیف األشعةو كذ PL spectrophotometer)الومیض البصري  (االنبعاث 
   (spectrophotometer UV-vis)البنفسجیة
من  (FTIR)عة تحت الحمراء دراسة وجود المادة ذات النشاط السطحي باستخدام طیف األش - 2
  .عدمه
ل للبودرة الصلبة من هذه الجسیمات و تم الحصو  )XRD(استخدام جهاز حیود األشعة السینیة  - 3
كما تم من خالل هدا الطیف حساب  مكعب الجسیمات لها شكل على الطیف الممیز لها و وجد أن
  .حجم جسیمات كبریتید الخارصین النانونیة
  .(TEM)ت و تحدید شكلها باستخدام جهاز المیكروسكوب االلكتروني  حساب حجم الجسیما - 4
دراسة مدي توافق النتائج التي تم الحصول علیها من الطرق المختلفة المستخدمة في حساب حجم  - 5
  .الجسیمات تحدید الشكل البلوري لها و لوحظ وجود توافق في النتائج
دة ذات النشاط السطحي و أیضا الحجم یقل عند لوحظ أن حجم الجسیمات یقل عند استخدام الما - 6
  .زیادة تركیز العناصر االنتقالیة المطعم بها كبریتید الخارصین
أوضحت النتائج من خالل دراسة طیف االنبعاث لهده المواد انه یحدث نقصان في شدة الطیف  - 7
ون هناك أزاحه نحو األزرق  المنبعث بزیادة تركیز العناصر االنتقالیة الذي یتم التطعیم بها و كذلك یك
(blue shift)  الطول الموجي األقل.  
أن شكل البلورات التي تم   X-أوضحت نتائج المیكروسكوب االلكتروني و أیضا حیود أشعة  - 8
  .نانومیتر  4-2تخلیقها مكعبة الشكل و یتراوح حجمها ما بین
لوحظ انه یزداد بزیادة تركیز  من خالل طیف األشعة فوق البنفسجیة تم حساب حاجز الطاقة و - 9
  ZnS .  العناصر االنتقالیة المستخدمة في تطعیم
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The beginning of nanotechnology is often attributed to a 1959 talk, entitled "There's Plenty 
of Room at the Bottom: Invitation to Enter a New Field of Physics", by renowned physicist 
Richard Feynman at an American Physical Society meeting held at the California Institute 
of Technology. In his presentation, Dr. Feynman challenged his audience to consider 
‘manipulating and controlling things on a small scale.’ Up to this point in history, little 
discussion is found on the application of materials in ‘‘nano’’ size range (or lower). Today, 
nanotechnology is already a commonly used buzzword in numerous fields of science and 
everyday life. Numerous definitions have been coined to describe nanotechnology and 
nanoscience, these are often used interchangeably. Based on the explanation of Department 
of Energy, India/World nanoscale science, engineering, and technology are fields of 
research in which scientists or engineers are manipulating matter at the atomic and 
molecular level in order to obtain materials and systems with significantly improved 
properties to change the world we live in. 
 
Fig. 1.1 Examples of man-made nanostructures and nanomaterials present  nature with 
their typical dimensions. 
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The scale of some nanoparticle systems is compared to some other easily recognizable 
objects in Figure 1.1. Ten nanometer is equal to one-thousandth of diameter of human hair. 
Materials with at least one dimension between 1 and 100 nanometer scale are normally 
regarded as nanoparticles. 
1.2 Nanoparticles 
First of all, it is necessary to consider the general concepts related to the nano-sized 
objects. In nanotechnology, particle is defined as a small object that behaves as whole unit 
in terms of its transport and properties. It can be categorized according to their size and 
diameters. Mainly they are classified into compact materials and nanodispersions. First 
type includes so-called nanostructured materials, i.e., materials are isotropic in 
macroscopic composition and consists of contacting nanometer-sized units as repeating 
structural elements [1-3]. Unlike nanostructured materials, nanodispersions include a 
homogeneous dispersion medium (vacuum, gas, liquid, or solid) and nanosized inclusions 
dispersed in this medium and isolated from each other. The distance between the nano-
objects in these dispersions can vary over broad limits from tens of nanometers to fractions 
of a nanometer. A nanoparticle is a quasi-zero-dimensional (0D) nano-object in which all 
characteristic linear dimensions are of the same order of magnitude (not more than 100 
nm). Nanoparticles can basically differ in their properties from larger particles, for 
example, from long and well-known ultra-dispersed powders with a grain size above 0.5 
μm. As a rule, nanoparticles are shaped like spheroids. Nanoparticles with a clearly 
ordered arrangement of atoms (or ions) are called nanocrystallites [3]. Nanoparticles with 
clear-cut discrete electronic energy levels are often referred to as quantum dots or artificial 
atoms; most often, they have compositions of typical semiconductor materials, but not 
always. Nanorods and nanowires, as shown in Figure 1.2, are quasi-one-dimensional (1D) 
nanoobjects. In these systems, one dimension exceeds by an order of magnitude than other 
two dimensions, which are in nanorange. Nanoparticles are of great scientific interest as 
they are effectively bridge between bulk materials and atomic or molecular structures. A 
bulk material should have constant physical properties regardless of its size, but at the 
nanoscale size-dependent properties are often observed. Nanoparticles exhibit a number of 
special properties relative to bulk material. Thus, the properties of materials change as their 
size approaches the nanoscale and as percentage of atoms at the surface of material 







Fig. 1.2 The classification of metal containing nanoparticles by the shape. 
 
In general, nanoparticles may have globular, plate-like, rod-like or more complex 
geometries. Once the material’s size falls into the nanoscale, big changes corresponding to 
size happen to the properties such as melting point, color (e.g. band gap and wavelength of 
optical transitions), ionization potential, hardness, catalytic activity, or magnetic properties 
such as coercivity, permeability and saturation magnetization. Such drastic change in the 








1.3 Quantum confinement effect  
Quantum confinement effect is defined as the increase in band gap of a semiconductor 
material as the particle size decreases. In small nanocrystals, the electronic energy levels 
are not continuous as in the bulk but are discrete (finite density of states), because of the 
confinement of the electronic wave function to the physical dimensions of the particles. 
This phenomenon is called quantum confinement and therefore nanocrystals are also 
referred to as quantum dots (QDs). The idea behind confinement is all about keeping 
electrons and holes trapped in a small area. For effective confinement, the particle sizes 
have to be less than 30 nm [5]. Quantum confinement comes in several forms which 
include 2-D (two dimensional) confinement, which is only restricted in one dimension, 
and the result is a quantum well (or plane), and these are what most lasers are currently 
built from. 1-D confinement occurs in nanowires and 0-D confinement is found only in 
the quantum dot. In nature 0-D confinement is found in atoms. A quantum dot exhibits 
0-D confinement, meaning that electrons are confined in all three dimensions. So a 
quantum dot can be loosely described as an artificial atom [6,7] because of the 
discretization of conduction and  
  Valence bands caused by quantum confinement of charge-carriers. 
In semiconductors, an electron-hole pair is created when an electron leaves the valence 
band and enters the conduction band due to excitation. An exciton is created when a weak 
attraction force (Coulombic force) between the hole and electron exists. It may be bound 
or   moving   in   a   crystal   conveying   energy. Luminescence   may   result   from   the 
recombination of the electron and the hole. Excitons have a natural physical separation 
that varies from semiconductor to semiconductor. This average separation distance is 
termed Exciton Bohr Radius. In bulk, the dimensions of the semiconductor crystal are 
much larger than the Excitonic Bohr Radius, allowing the exciton to extend to its natural 
limit [8]. The energy levels of a bulk semiconductor are very close together such that 
they are described  as continuous,  meaning  that there  is almost  no energy  difference 
between them, as shown in figure (1.3)  (a) [9]. Since the band-gap of the bulk 











































Fig. 1.3 Energy Dispersion for the (a) 3-D bulk semiconductor case compared to that 
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1.4 Scale changes everything 
Four important ways in which nanoscale materials  may  differ from macroscale 
materials [10]. 
  a. Greater surface to volume ratios 
At nanoparticles surface area to volume ratio increases.  For example Surface area of a   
sphere is given by  = 4Πr2 
 Volume is given by = Πr3 
 Therefore ratio of surface area to volume is= 4Πr2/ Πr3 
This ratio increases as r decreases. It can be shown by taking examples of spheres of 
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b. Gravitational forces become negligible  
The  mass  of  nanoparticles  objects  is  small,  gravity  becomes negligible so 
gravitational force is a function of mass and distance and is weak between (low-mass) 
nanosized particles. Electromagnetic  force  is  a function  of charge and  distance  is 
not affected  by  mass,  so  it  can  be  very  strong  even  when  we  have nanosized 
particles. The electromagnetic force between two protons is 1036  times stronger than the 










Fig. 1 . 5 Gravitational force depends on masses and electromagnetic forces depend on        
charges. 
 
c. Random molecular motion 
Random molecular motion is the movement that all molecules in a substance exhibit 
(assuming the sample is above absolute zero) due to their  kinetic  energy.  This  motion  
increases  at  higher  temperatures  (temperature  is actually a macroscale measure of the 
average kinetic energy of all the particles in a substance). This motion can involve 
molecules moving around in space, rotating around their bonds, and vibrating along 
their bonds. While random kinetic motion is always present, at the macroscale this 
motion is very small compared to the sizes of the objects and thus is not very influential 
in how object behave. At the nanoscale however, these motions can be on the same scale 
as the size of the particles and thus have an important influence on how particles behave. 
1.5 Properties of  nanomaterial 




 Optical  properties 
The  optical properties  of  a  material  can  also  be  size dependent . The color is caused 
by the partial absorption of light by electrons in matter, resulting in the visibility of the 
complementary part of the light. On most smooth metal surfaces, light is totally 
reflected by the high density of electrons. no color, just a mirror-like appearance.  Small 
particles absorb, leading to some color. This is a size dependent property. 
For example, silver exhibits a different color depending on its particle size .The  particles  
are  so  small  that  electrons  are not  free  to  move  about as  in  bulk s i l v e r .  
Because  this  movement  is  restricted ,  the  particles  react differently  with  light shown 











Fig. 1.6 The influence of size and shape on the light-scattering, and resultant  colors, of 
silver and gold  nanoparticles 
 Chemical properties 
Surface chemistry is important in catalysis. Nanostructured materials have some 
advantages.  Huge surface area, high proportion of atoms on the surface. Enhanced 
intrinsic chemical activity as size gets smaller which is likely due to changes in crystal 
shape [13]. When the shape changes from cubic to polyhedral, the number of edges and 
corner sites goes up significantly. As crystal size gets smaller, anion/cation vacancies 
can increase, thus affecting surface energy; also surface atoms can be distorted in their 
bonding patterns. Enhanced solubility, sintering at lower T, more adsorptive capacity. The 
surface area of a solid increases when it becomes nanoporous; this improves catalyst 
effects, adsorption properties. 
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 Thermal properties 
At finite temperature NPs can behave quite differently to macroscopic systems. For 
example, melting temperature is normally an intensive property but for NPs it decreases 
with decreasing particle size [14]. As surface particles have fewer neighbours therefore 
less heat is required for  their  melting.  That  means  that  surface  particles  have  lower  
melting  point  as compared to bulk particles which have more neighbours. Since at 
nanoscale surface area increases therefore nanoparticles have lower melting points. 
Surface atoms require less energy to move because they are in contact with fewer atoms 












Fig. 1.7 Variation in melting point of gold nanoparticles as a function of particle 
size.  
 Electrical properties 
Conductivity is based on their band structure. If the conduction band is only partially 
occupied by electrons, they can move in all directions without resistance  (provided  there  
is  a  perfect  metallic  crystal  lattice). Band structure begins to change when metal 
particles become small. Discrete energy levels begin to dominate. Materials that are 
conductors on the macroscale may lose their conductivity at the nanoscale and vice 
versa [11]. 
1.6 Techniques for synthesis of nanoparticles 
There are several processes to create nanomaterials. Two main approaches are used in 
nanotechnology. 
Contact with three atoms 
Contact with seven atoms 
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 Top-down approach 
Top down approach refers to slicing or successive cutting of a bulk material to get nano 
sized particle. This approach has following processes:-(Ball  milling, Photolithography,  
Etching,  Sputtering ). However, it is synthetically too expensive (and not industrially 
scaleable) to arrange such small units into their desired positions by hand. The biggest 
problem with top-down approach is the imperfection of the surface structure. The 
conventional top-down techniques such as lithography can cause significant 
crystallographic damage to the processed patterns, and additional defects may be 
introduced even during the etching steps [15]. 
 Bottom-up  approach 
Bottom up approach refers to the buildup of a material from the bottom : atom by atom, 
molecule by molecule or cluster by cluster. This approach has following processes:-  
( Chemical precipitation, Sol-gel, Solvothermal, Hydrothermal). Materials chemists are 





















1.6.1 Chemical preciepitation 
 The conventional method of producing nanoparticles from colloid solutions is 
based on a chemical reaction between the components of the solution and 
interrupting the reaction at a specific moment in time [17–21]. Subsequently, 
the dispersed system is transferred from the liquid colloidal state to the 
nanocrystalline solid state. For example, nanocrystalline powders of sulfides are 
produced by reaction of hydrosulfuric acid H 
2
S or sulfide Na
2
S with the water- 
soluble salt of a metal: Nanocrystalline cadmium sulfide CdS is  produced by  
precipitation from a mixture 
 of  solutions of cadmium  perchlorate Cd(ClO 
4
)
2   and sodium sulfide Na2 S 
Cd (ClO
4 )2 + Na 2S               CdS ↓ +2NaClO4                  
                                                                                                                                                                                                                 
1.6.2 Microemulsion  
Microemulsions or reverse micelles can provide an attractive micro reactor for preparing 
nanoparticles, where the morphology of nanoparticles can be well controlled. 
Microemulsions consist of a ternary mixture of water, a surfactant and oil. This method is 
based on the solubility enhancement of organic compound in aqueous phase (oil-in-water 
(o/w) emulsion) or hydrophilic compound in the oil phase (water-in-oil (w/o) emulsion). 
This process has been used for the synthesis of various nanoparticles by mixing two micro-
emulsions containing appropriate reactants. With this method, it is possible to synthesize 
and/or align a wide range of nanomaterials. Gold and silver nanoparticles and bimetallic 
nanoparticles have been prepared by several microemulsion methods; with the use of, 4-bis 
(2-ethylhexoxy)-1, 4-dioxobutane-2-sulfonate (AOT). Cu NPs are obtained by the 
reduction of a micellar solution of Cu(DS)2 (DS, dodecyl sulfate) with NaBH4. In addition 
monodispersed metal oxide, metal sulphide and alloy nanoparticles were also synthesized 
by this method [22]. 
1.6.3 Thermal decomposition 
Thermal decomposition technique is used to synthesize inorganic metal nanoparticles. 
Metal NPs are generated by the thermal decomposition of molecules containing zero-
valent metals, such as metal carbonyls. [23] In this method organometallic precursor 
compounds and surfactant are heated up to the combustion temperature of the metallic salt. 
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Synthesis of metal oxide nanoparticles by combustion synthesis is well documented [16] 
Pd nanoparticles were prepared by the thermal decomposition of Pd–trioctylphosphine 
(TOP) complex at 300 °C for 30 min [22]. Co nanoparticles can be synthesized by a high-
temperature thermal decomposition of Co2 (CO) 8 in the presence of oleic acid (OA) and 
triphenylphosphine at 220 °C . Bimetallic FePt and CoPt nanoparticles were obtained by 
reacting Pt(acac)2with 1,2-hexadecanediol (HDD) and trioctylphosphine oxide (TOPO) at 
100 °C followed by the addition of Fe(CO)5 or Co2 (CO)8 at 286 °C for 30 min 
respectively . Furthermore, metal oxides such as iron oxide, copper oxide and metal 
phosphors (GaP, InP, Fe2P) nanoparticles have also been synthesized by this methods . 
1.6.4  Sol-gel Method 
The sol–gel process in general is based on the transition of a system from a liquid “sol” 
(mostly a colloidal suspension of particles) into a gelatinous network “gel” phase. The sol–
gel method is generally employed for the synthesis of metal oxide NPs as well as oxide 
nanocomposites. The sol–gel process involves the hydrolysis and condensation of metal 
precursors [24]. The sol–gel process can be either in aqueous or non-aqueous medium. In 
the aqueous sol–gel process, oxygen for the formation of the oxide is supplied by water 
molecules. In the non-aqueous process, oxygen is provided by a solvent (ethers,alcohols, 
ketones, or aldehydes) or by an organic element of the precursor (alkoxides or 
acetylacetonates). In sol-gel process the “sol” is prepared by mechanically mixing of liquid 
alkoxide precursor (such as tetramethoxysilane, TMOS, or tetraethoxysilane, TEOS), 
water, a co-solvent, and an acid or base catalyst at room temperature. During this step, the 
alkoxide groups are removed by the acid- or base-catalyzed hydrolysis reactions, and 
networks of O–M–O linkages are formed in subsequent condensation reactions. 
After this step, the treatment of the sol is varied depending on the final products desired. 
For example, spinning or dipping techniques can create thin film coating, and the exposure 
of the sol to a surfactant can lead to powders. Depending on the water–alkoxide molar ratio 
R, the pH, the temperature, and the type of solvent chosen, additional condensation steps 
can lead to different polymeric structures, such as linear, entangled chains, clusters, and 
colloidal particles. In some cases, the resulting sol is cast into a mold and dried to remove 
the solvent. This leads to the formation of a solid structure in the shape of the mold (e.g., 
aerogels and xerogels) with large surface-to-volume ratios, high pore connectivity, and 
narrow pore size distribution. They can be doped with a variety of organic/inorganic 
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materials during the mixing stage to target specific applications. Various metal oxides such 
as ZnO, ZrO2, iron oxide, CeO2, and ferrites have been synthesized by a sol–gel method. 
1.7 Surfactants  
Surfactants (soaps and detergents) are compounds or polymers having both hydrophilic 
and hydrophobic parts (they are amphiphilic) that reduce interfacial free energy, such as 
the surface tension at an air-water interface [25]. Surfactants can be anionic, cationic,  
nonionic or zwitter ionic depending on the structure of the polar end [26]. Typical 
molecular structures are shown in Figure (1.9). The hydrophobic end dissolves oil or 
grease, and the hydrophilic end dissolves in water. Surfactants dissolve molecularly in 
water at low concentrations. As the concentration increases a critical micelle concentration 
(CMC) is reached at which all further added surfactant forms aggregates called micelles. 
The surfactant molecules of a micelle are in equilibrium with the molecularly dissolved 
surfactant. The type of micellar aggregate formed by a surfactant depends on the relative 
sizes of its polar head group and its nonpolar tail. A single-tailed surfactant such as sodium 
dodecyl sulfate (SDS) dissolves monomolecularly in water up to its CMC and at higher 
concentrations forms globular micelles. Surfactants having tails longer than C12 at 
concentrations well above the CMC may form cylindrical rather than globular micelles. At 
still higher concentrations the surfactant may aggregate further into the amphiphilic 
compounds used to stabilize aqueous colloidal dispersions of metals, semiconductors, and 
organic polymer particles are surfactants, broadly defined. The surfactant replaces the high 
energy of the particle-water interface with two lower energy interfaces of the surfactant 
with particles and of the surfactant with water. Amphiphilic polymers also stabilize 








Fig. 1.9 Structures of typical anionic (sodium dodecyl sulfate, SDS), cationic (Alkyl 













1.8 Doping in nanomaterials 
Intrinsic semiconductors need to be doped to modify their properties. The maximum 
doping normally used in bulk is of the order of one dopant atom per 105 atoms. Doping 
nanocrystals at such levels is unrealistic as their nuclearity is often below 105 atoms. 
Furthermore, nanocrystals possess a different band structure as well as excitonic character 
due to quantum confinement. Semiconductor nanocrystals are doped with few percent of 
impurities to create impurity centers that interact with electrons and holes. A useful effect 
of this interaction is that the mid gap states arising from surface species can be shifted 
outside the gap region. Dopants do not affect the absorption  spectra  however,  emission  
intensity is  greatly increased.  Doping  is  achieved  by simply introducing the dopant in 
the reacting mixture. It was suggested that success of doping is related  to  the  binding  
energy  of  the  dopant  ions  to  the  exposed  surface  of  the  growing nanocrystal. High 
binding energies lead to successful adsorption and doping, while low binding energies 
means that doping is unfavoured. Semiconductors, in nanocrystallized form, exhibit 
markedly different electrical, optical and structural properties as compared to those in the 
bulk form [27]. Out of these, the ones suited as phosphor host material show considerable 
size dependent luminescence properties when an impurity is doped in a quantum-confined 
structure. The impurity incorporation transfers the dominant recombination route from the 
surface states to impurity states. If the impurity-induced transition can be localized as in 
the case of the transition metals or the rare earth elements, the radiative efficiency of the 
impurity-induced emission increases significantly. The emission and decay characteristics 
of the phosphors are, therefore, modified in nanocrystallized form. Also, the continuous 
shift of the absorption edge to higher energy due to quantum confinement effect, imparts 
these materials a degree of tailorability. Obviously, all these attributes of a doped 
nanocrystalline phosphor material are very attractive for optoelectronic device. 
1.9 Nanostructure and properties of Zinc  sulfide  
Research on semiconductor nanoparticles stimulated great interest in recent years 
because of their unique optical and electrical properties. Among the semiconductor 
nanoparticles, zinc sulfide as an important II–VI semiconductor has been researched 




cathode-ray tubes (CRT), field emission display (FED) phosphors for a long time. It can 
also be used for electroluminescent devices and photodiodes [28, 29]. In recent years, 
much effort has been devoted to the research of doped metal chalcogenide nanostructured 
materials. This kind of nanomaterials exhibits unusual physical and chemical properties in 
comparison with their bulk materials, such as size-dependent variation of the band gap 
energy. Furthermore, impurity ions doped into these nanostructures can influence the 
electronic structure and transition probabilities [30]. In  particular, when  doped with 
magnetic ions (e.g.  Mn+2), these materials  can produce unique magnetic and magneto-
optical properties and provide unparalleled opportunities for the new field of spintronics 
[31]. As an important II–VI semiconductor material, ZnS is chemically more stable and 
technologically better than other chalcogenides (such as ZnSe), so it is considered to be a 
promising host material. Transitional elements ions (e.g. Mn+2, Ni+2 and Cu+2 [28, 30-
38]) and rare earth ions (e.g. Eu+2 [39, 40]) have been incorporated into ZnS 
nanostructures by thermal evaporation, sol–gel processing, Co-precipitation, micro 
emulsion, etc. These doped ZnS semiconductor materials have a wide range of applications 
in electro-luminescence devices, phosphors, light emitting displays, and optical sensors. 
ZnS occurs in two common poly types, zinc blende (also called sphalerite) and wurtzite. 
The two types have these features in common, 1:1 stoichiometry of Zn:S, a coordination of 
4 for each ion (4:4 coordination), tetrahedral coordination. Zinc blende/ sphalerite is based 
on a fcc  (face centerd cubic)  lattice of anions whereas wurtzite is derived from an hcp 
(hexagonal close packed) array of anions [41]. In both structures, the cations occupy one 
of the two types of tetrahedral holes present. In either structure, the nearest neighbor 
connections are similar, but the distances and angles to further neighbors differ. Zinc 
blende has 4 asymmetric units in its unit cell whereas wurtzite has 2. Zinc blende is best 
thought of as a face-centered cubic array of anions and cations occupying one half of the 
tetrahedral holes. Each ion is 4-coordinate and has local tetrahedral geometry [42]. Unlike 
wurtzite, zinc blende is its own antitype -- we can switch the anion and cation positions in 
the cell (as in NaCl). In fact, replacement of both the Zn and S with C gives the 






Table (1.1) . Zinc blende Vital statistics  
Formula ZnS 
Crystal  system Cubic 
Lattice – Type Face-centred 
Cell parameter a = 5.41 Å, Z=4 
Atomic position S: 0, 0, 0   Zn: 0.25, 0.25, 0.25 
Density 4.102  g. cm-3 
Melting point Phase transition at 1020 degrees C 
Alternate Name Zinc blende , Sphalerite 
 
 
Fig. 1.10 (a) Sphalerite (Cubic with band gap 3.54 eV) (b) Wurtzite (Hexagonal with 





1.10  Characterization techniques 
1.10.1  X-ray diffraction (XRD) 
X-ray  crystallography  is  a  standard  technique  for  solving  crystal structures. Its 
basic theory was developed soon after x-rays were first discovered more than a century 
ago. It is a rapid analytical technique primarily used for phase identification of a 
crystalline material and can provide information on unit cell dimensions [43]. 
Data analysis:- The diffraction pattern, that includes position (angles) and intensities of 
the diffracted beam, provides following information about the sample. 
Angles are used to calculate the interplanar atomic spacings (d-spacings). These d- 
spacings (d) and intensity (I) information are used to identify the type of material by 
comparing them with patterns in the International Powder Diffraction File (PDF), 
complied by the Joint Committee for Powder Diffraction Standards (JCPDS). The space 








  Fig. 1.11 Different planes in a crystal have different spacing 
The peak intensity is determined by atoms in the diffracting plane. Width of the diffracted 
peaks is used to determine crystallite size using Scherrer‘s equation. 
 
 
















1.10.2 Transmission electron microscope (TEM)  
It operates on the same basic principles as the light microscope but uses electrons instead 
of light [44]. Transmission  electron  microscopy  is  a  microscopy  technique  whereby  
a  beam  of electrons is transmitted through an ultra thin specimen, interacting with the 
specimen as it passes through. An image is formed from the interaction of the electrons 
transmitted through the specimen; the image is magnified and focused onto an imaging 
device, such as a fluorescent screen, on a layer of photographic film, or to be detected by a 
sensor such as a CCD camera. TEM is capable of imaging at significantly higher 
resolution than light microscopes, owing to the small de Broglie wavelength of 
electrons. This enables the instrument to be able to examine fine detail—even as small as 
a single column of atoms, which is tens of thousands times smaller than the smallest 
resolvable object in a light microscope. 
Data analysis  
Morphology: - TEM pattern gives the size, shape and arrangement of the particles 
which make up the specimen as well as their relationship to each other on the scale of 
atomic diameters. 
Crystallographic Information: - It gives the arrangement of atoms in the specimen and 
their degree of order, detection of atomic-scale defects in areas a few nanometers in 
diameter. 
Compositional Information: - It tells about the elements and compounds of which the 
sample is composed of and their relative ratios, in areas a few nanometers in diameter. 
1.10.3 UV-visible Spectroscopy 
UV-visible absorption spectroscopy involves the spectroscopy of photons in the UV-
visible region. This means it uses light in the visible, near ultraviolet (UV) and near 
infrared (NIR) ranges. The absorption in the visible ranges directly affects the color of 
the chemicals involved. In this region of the electromagnetic spectrum, molecules 
undergo electronic transitions [45]. This technique is complementary to fluorescence 
spectroscopy, in that fluorescence deals with transitions from the excited state to the 
ground state, while absorption measures transitions from the ground state to the excited 
state. The wavelength of light that a compound will absorb is characteristic of its chemical 
structure. Primarily used for quantitative analysis of known compounds, UV-Vis is one of 
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the most popular techniques in the pharmaceutical, foods and  paints  Industries,  as  well  
as  water  laboratories  [46]. 
Data analysis 
Transmittance: T = P/P0 
Absorbance: A = -log10 T = log10 P0/P 
The Beer-Lambert Law: A = ebc 
Where the absorbance A has no units, since A = log10 P0 / P 
P0 is the initial radiant power 
P is the radiant power after light passes through sample 
e is the molar absorbtivity with units of L mol-1 cm-1 
b is the path length of the sample in cm 
C is the concentration of the compound in solution, expressed in mol L-1 [47]. 
The fundamental absorption, which corresponds to electron excitation from the valence 
band to conduction band, can be used to determine the value of the optical band gap. The 
relation between the absorption coefficient (α) and the incident photon energy (hν) can be 
written as 
          (αhν)  = A (hν - Eg)n 
Where, A is a constant, Eg is the band gap  
of the material and exponent n depends on  
the type of transition. 
The value of optical band gap is calculated by  
extrapolating the straight line portion of 
(αhν)2 vs. (hν) graph to hν axis [48].                            Fig. 1.13 Graph for ZnS nanoparticles 
1.10.4 EDX spectroscopy 
EDX Analysis stands for Energy Dispersive X-ray analysis. Energy dispersive X-ray 
spectroscopy (EDS) is an analytical technique used for the elemental analysis or chemical 
characterization of a sample. It is one of the variants of XRF. As a type of 
spectroscopy, it relies on the investigation of a sample through interactions between 
electromagnetic radiation and matter, analyzing x-rays emitted by the matter in response 
to being hit with charged particles. Its characterization capabilities are due in large part to 
the fundamental principle that each element has a unique atomic structure allowing x-rays 
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that are characteristic of an element's atomic structure to be identified uniquely from each 
other. To stimulate the emission of characteristic X-rays from a specimen, a high energy 
beam of charged particles such as electrons or protons, or a beam of X-rays, is focused 
into the sample being studied. At rest, an atom within the sample contains ground 
state(or unexcited)electrons in discrete energy levels or  
electron shells bound to the nucleus. The incident beam  
may excitean electron in an inner shell, ejecting it from 
 the shellwhile creating an electron hole where the  
electron was. An electron from an outer, higher-energy 
shell then fills the hole, and the difference in energy 
between the higher-energy shell and the lower energy 
shell may be released in the form of an X-ray. The number and energy of the X-rays 
emitted from a specimen can be measured by an energy dispersive spectrometer. As the 
energy of the X-rays is characteristic of the difference in energy between the two shells, 
and of the atomic structure of the element from which they were emitted, this allows the 
elemental composition of the specimen to be measured [49]. 
Data analysis 
The EDX spectrum normally displays peaks corresponding to the energy levels for which 
the most X-rays had been received. Each of these peaks are unique to an atom, therefore 
corresponds to a single element. The higher a peak in a spectrum, the more 
concentrated the element is in the specimen. So EDX tells about the elemental 
composition [50]. 
1.10.5 Photoluminescence spectroscopy 
The absorption of energy by a molecule raises it to an excited state. This excited state may 
be rotational, vibrational or electronic, depending upon the energy of exciting photon. If 
the energy of the exciting photon is of the order of 10-3 eV the rotational states can be 
excited, if the energy is of the order of 0.1 eV then vibrational states can be excited, and if 
the energy is of the order of several electron volts then electronic states can be excited. The 
corresponding spectra are in microwave for rotational, infrared for vibrational and visible 
as well as ultraviolet range for electronic energy states [51]. 
Types of photoluminescence 
There are two types of photoluminescence; fluorescence and phosphorescence. 
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1. Fluorescence is the emission of electromagnetic radiation light by a substance that has 
absorbed radiation of a different wavelength. Fluorescence arises from the decay of the 
excited single state S1  to the ground state S0. In most cases, absorption of light of a 
certain wavelength induces the emission of light with a longer wavelength (and lower 
energy). However, under conditions in which intense radiation is being absorbed, it is 
possible for one electron to absorb two photons (multiple photon absorption), which can 
lead to the emission of radiation having a smaller wavelength than the excitation source. 
The energy difference between the absorbed and emitted photons is due to thermal losses. 
Dissipation of vibrational energy occurs on a much greater time scale than fluorescent 
emission. The most striking examples of this phenomenon occur when the absorbed 
photon is in the ultraviolet region of the spectrum, and is thus invisible, and the emitted 
light is in the visible region [52]. 
2. Phosphorescence is a specific type of photoluminescence related to fluorescence. 
Unlike  fluorescence,  a  phosphorescent  material  does  not  immediately  re-emit  the 
radiation it absorbs. The slower time scales of the re-emission are associated with 
"forbidden" energy state transitions in quantum mechanics. As these transitions occur less 
often in certain materials, absorbed radiation may be re-emitted at a lower intensity for up 
to several hours [53]. Phosphorescence arises from the decay of the excited triplet state 
T1  to the ground state S0. Phosphorescence is strictly forbidden by quantum mechanics 
since it involves a transition between pure states of different spin multiplicity, however, 
this forbidden ness can be relaxed by interactions between the magnetic dipoles generated 
by the spin  of the electron and  the orbital motion of the electron. These spin-orbit 
interactions lead to coupling of the singlet and triplet states, giving some singlet character 














Fig. 1.14: (a) origin of 





The absorption of light causes the electrons  
of the atoms of the absorbing material to 
 become excited and jump from the inner 
 orbits of the atoms to the outer orbits.  
When the electrons fall back to their original  
state, photons of light are emitted. The energy  
of the emited light   (photoluminescence)  
relates to the difference in energy levels between the two electron states involved in the 
transition between the excited state and the equilibrium state. 
Information from PL 
Band gap determination 
The most common radiative transition in semiconductors is between states in the 
conduction and valence bands, with the energy difference being known as the band gap. 
Band gap determination is particularly useful when working with new compound 
semiconductors. 
Impurity levels and defect dedection 
Radiative transitions in semiconductors also involve localized defect levels. The 
photoluminescence energy associated with these levels can be used to identify specific 
defects, and the amount of photoluminescence can be used to determine their 
concentration. 
Recombination mechanisms 
The return to equilibrium, also known as "recombination," can involve both radiative and 
nonradiative processes. The amount of photoluminescence and its dependence on the level 
of photo-excitation and temperature are directly related to the dominant recombination 







In general, nonradiative processes are associated with localized defect levels, whose 
presence is detrimental to material quality and subsequent device performance. Thus, 
material quality can be measured by quantifying the amount of radiative recombination. 
1.10.6  Fourier transform infrared spectroscopy(FTIR) 
Fourier Transform Infrared (FTIR) spectroscopy is a powerful tool for identifying types of 
chemical bonds in a molecule by producing an infrared absorption spectrum that is like a 
molecular  "fingerprint".   It  can  be  utilized  to  quantitate  some  components  of  an  
unknown mixture. It can be applied to the analysis of solids, liquids, and gasses [55]. The 
wavelength of light absorbed is characteristic of the chemical bond as can be seen from the 
spectrum. By interpreting the infrared absorption spectrum, the chemical bonds in a 
molecule can be determined. FTIR spectroscopy does not require a vacuum, since 
neither oxygen nor nitrogen absorbs infrared rays. Molecular bonds vibrate at various 
frequencies depending on the elements and the type of bonds. For any given bond, there 
are several specific frequencies at which it can vibrate. According to quantum mechanics, 
these frequencies correspond to the ground state (lowest frequency) and several excited 
states (higher frequencies). One way to cause the frequency of a molecular vibration to 
increase is to excite the bond by having it absorb light energy. For any given transition 
between two states the light energy (determined by the wavelength) must exactly equal the 
difference in the energy between the two states [usually ground state (E0) and the first 
excited state (E1) [56]. The energy corresponding to these transitions between 
molecular vibrational states is generally 1-10 kilocalorie/mole which corresponds to the 
infrared portion of the electromagnetic spectrum. 
FTIR can provide following information: 
It can identify unknown materials. 
It can determine the quality or consistency of a sample. 
It can determine the amount of components in a mixture. 
1.10 Literature review  
Research on semiconductor nanoparticles stimulated great interest in recent years 
because of their unique optical and electrical properties. Among the semiconductor 
nanoparticles, zinc sulfide as an important II–VI semiconductor has been researched 
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extensively because of its broad spectrum of potential applications such as in 
catalysts, cathode-ray tubes (CRT), field emission display (FED) phosphors for a long 
time.  As an important II–VI semiconductor material, ZnS is chemically more stable and 
technologically better than other chalcogenides (such as ZnSe), so it is considered to be a 
promising host material. Transition elements ions (e.g. Mn2+, Ni2+ and Cu2+ [58, 59-67]) 
and rare earth ions (e.g. Eu2+ [68, 69]) have been incorporated into ZnS nanostructures by 
thermal evaporation, sol–gel processing, co precipitation, micro emulsion, etc. These 
doped ZnS semi-conductor materials have a wide range of applications in electro-
luminescence devices, phosphors, light emitting displays, and optical sensors. W.Q. Peng 
et al. of copper doped zinc sulfide (ZnS:Cu) nanoparticles were investigated. These 
ZnS:Cu nanoparticles were synthesized by a facile wet chemical method, with the copper 
concentration varying from 0 to 2 mol% .The PL spectrum of the undoped ZnS 
nanopaeticles was deconvoluted into two blue luminescence peaks (centered at 411 nm and 
455 nm, respectively),which both can attributed to the recombination of defect states of 
ZnS. With the increase of the Cu+2 concentration of 2%. The concentration quenching of 
the luminescence may be caused by the formation of CuS compound [70]. C. Bi, et al. have 
synthesized cobalt doped zinc sulfide (ZnS:Co).  ZnS:Co were prepared by method at 
temperatures as low as 150 oC. The structure and optical properties of prepared ZnS:Co 
nanocrystals have been characterized. X-ray diffraction patterns and high- resolution TEM 
images reveal pure hexagonal ZnS phase with size of about 5 nm . Photoluminescence 
(PL) measurements show that the overall Pl intensity is quenching with increasing Cobalt 
concentration. Deconvoluted PL spectra show three common peaks for pure ZnS 
nanocrystals, which are originated from Zn or S defect states. An additional peak at 459 
nm (blue) observed in ZnS:Co nanocrystals is probably arising  from the recombination 
between the shallow donor level and the new dopant level [71]. H.C. Warad, et al. have 
prepared of luminescent nanoparticles of manganese doped zinc sulfide (ZnS:Mn) with an 
emission peak at around 590 nm. These nanoparticles are sterically stabilized using 
polyphosphates of sodium namely sodium tripolyphosphate (STTP) and 
hexametaphosphate (SHMP). The nanoparticles consist of particles of 60-80 nm in 
diameter [72]. S.W. Lu, et al. have synthesized  Mn+2- doped ZnS nanoparticles by 
chemical precipitation method at room temperature. The particle size was estimated to be 
2.8 nm from (HRTEM)and calculated as 2.6 ± 0.4 nm from peak broadening of the X- ray 
diffraction (XRD) pattern [73]. G. Murugadoss, et al. have reported photoluminescence 
properties of polyvinyl alcohol (PVA) capped ZnS:Mn nanoparticles. The particles were 
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synthesized using chemical precipitation method. The nanoparticles are characterized by 
X- ray diffraction (XRD), transition electron microscopy (TEM), ultraviolet - visible (UV-
vis) and photoluminescence (PL). XRD and TEM studies show the formation of cubic 
PVA-ZnS:Mn particles with an average size of  ~ 3 nm. The capped ZnS:Mn nanoparticles 
showed enhanced luminescence property compared with that of the uncapped ZnS:Mn 
particles [74]. S. Ummartyotin, et al. have reported ZnS and metal (Mn, Cu) –doped- ZnS 
by chemical synthetic route. The understanding of substituted metal ions (Mn,Cu) into ZnS 
leads to transfer the luminescence center by small amount of metal dopant  (Mn,Cu). 
Fourier transform infrared and X-ray diffraction were used to determine chemical bonding 
and crystal structure, respectively. Fluorescence was used to confirm the existence of metal 
doped ZnS. The photoluminescence spectroscopy showed that as-synthesized ZnS and 
metal (Mn,Cu) doped-ZnS exhibited light emission [75]. This includes the interaction 
between organic molecules and the surface of  nanoparticles (NPs)  strongly affects the 
size,  properties and applications of surface modified metal sulfide semiconductor 
nanocrystals. From this view point, we  compared the influence of cationic surfactants with 
various chain lengths and anionic surfactants with different head groups, as surface 
modifiers during synthesis of ZnS NPs in aqueous medium. The  surfactant adsorbs on  the 
surface of  the particles as  micelle-like aggregates. These aggregates can form even at the  
concentration lower than  critical micelle concentration (cmc) due to interaction between 
the polar groups and the NPs. The nature of interaction depends specifically on  the 
surfactant polar group. The  ability of surfactant to form the micelle-like aggregates on  the 
surface of the NPs correlates with their (cmc) . This  leads to the fact  that the surfactant 
with longer tail  stabilizes the NPs  better since its (cmc) is  lower. The  energetics of 
surface states generating interesting photoluminescence (PL) properties in ZnS NPs has 
been governed by  the nature of surfactant molecules. In general, the size,  structure, and 
stability of the ZnS NPs  can  be  controlled by  the choice of suitable surfactant 
[76]. ZnS and transition metal (Mn, Co, Ni, Cu, Ag and Cd) doped ZnS were synthesized 
using chemical precipitation method in an air atmosphere. The structural and optical 
properties were studied using various techniques. The X-ray diffraction (XRD) analysis 
show that the particles are in cubic structure. The mean size of the nanoparticles calculated 
through Scherrer equation is in the range of 4 – 6.1 nm. Optical characterization of both 
undoped and doped samples was carried out by ultraviolet–visible (UV–vis) and 
photoluminescence (PL) spectroscopy. The absorption spectra of all the samples are blue 
shifted from the bulk ZnS [77]. They have synthesized cubic ZnS:Ni2+ nanoparticles (NPs) 
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using a simple wet-chemical method. Synthesized ZnS:Ni2+  NPs  had been characterized 
by  X-ray diffraction pattern  (XRD)  and energy dispersive X-ray (EDX)  analysis. The  
amounts of  Ni  and Zn  in  the material were determined by  inductively coupled plasma-
atomic emission spectroscopy (ICP-AES).  Morphology of  the NPs  is  studied by  
transmission electron   microscopy  (TEM).    Optical  studies  are  carried out  using  UV–
visible  and Photoluminescence (PL) spectroscopies. The enhancement and quenching of  
the PL intensity are correlated with the ‘purity of  the phase’. It  is observed that  change in   
packing  of   the  molecules of   the  host  material  directly  depended  on concentration of  
dopant ion [78]. Doped zinc sulfide nanoparticles with nickel and copper with different 
ratios were synthesized from mixture of zinc acetate nickel chloride and copper chloride 
with sodium sulfide in aqueous solution. The X-ray diffraction patterns showed the typical 
inter planer spacer corresponding to the cubic phase. Crystallographic studies show the 
zinc blend crystals varies average crystallite size approximated 4.27 and 4.56 nm for ZnS: 
Cu and ZnS: Ni respectively, which is almost similar to the average particle size calculated 
from effective mass approximation .UV-vis spectrophotometer measurements blue shift for 
both doping elements [79]. Manganese(II) doped ZnS nanoparticles were synthesized by a 
precipitation reaction from homogeneous solutions of zinc acetate and manganese acetate. 
The particles are sterically stabilized using methacrylic acid (MAA) and 
acetyltrimethylammonium bromide (CTAB). The nanoparticles of 10–20nm in diameter, 
each containing primary crystallites were obtained. The size of the particles estimated from 
X-ray diffraction studies was found to be between 2.4nmand 3 nm. A five- and ten-fold 
increase in photoluminescence intensity has been observed from Mn2+ doped ZnS nano-
particles after surface passivation by CTAB and MAA, respectively. The quantity of 
passivating agent used during preparation of nano-particles affects the photoluminescence 
property. The photoluminescence intensity increases with the increase of doping 
concentration of Mn2+ and a small red shift is observed in maxima [80]. In this work they 
synthesized undoped ZnS and ZnS:Ni nanoparticles by a simple chemical method, namely 
the chemical precipitation method. The structure and optical properties of the prepared 
samples were characterized using X-ray diffraction (XRD), Field Emission Scanning 
Electron Microscope (FESEM), UV–vis-NIR Spectrophotometer and Fluorescence 
spectroscopy. XRD patterns showed that the ZnS and ZnS:Ni nanoparticles have zinc 
blende structure with the crystallite sizes of about 6-10 nm range. The value of optical 
band gap has been found to be in range 4.88- 3.93 eV. Room temperature 
photoluminescence (PL) spectrum of the undoped sample exhibits emission in the blue 
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region with multiple peaks under UV excitation. Ni2+ doped ZnS samples visible light 
emissions under the same UV excitation wavelength of 310 nm [81]. N. Eryong,  et al. by 
chemical co-precipitation method, ZnS:Fe nanoparticles with different concentration of Fe 
ions are  synthesized. XRD and EDX data confirm the formation of ZnS in single cubic 
zinc blende phase and then Fe ions have been doped into the crystal lattice. TEM and 
HRTEM images indicate that nanoparticles aggregates together and these aggregated 
particles are composed of much smaller nanocrystallite with sizes between 3.3 and 5.5 nm. 
The doping of Fe ions do not import new energy bands or defect states but changes the 
stoichiometric ratio of Zn and S. As a result, emission spectra change little except for the 


















Aim of  the present work 
As an important II–VI semiconductor material, ZnS is chemically more stable and 
technologically better than other chalcogenides (such as ZnSe), so it is considered to be a 
promising host material. Transitional elements ions (Mn,Co,Ni,Cu, and Fe) have been 
incorporated into ZnS nanostructures by a simple chemical method, co precipitation, micro 
emulsion, etc. These doped ZnS semiconductor materials have a  wide range of 
applications  in electro-luminescence devices, phosphors, light emitting displays, and 
optical sensors. The present work has focused on the following: 
 1-The synthesized samples were characterized using X-ray diffraction (XRD), 
transmission electron microscope (TEM), UV–vis absorption and Photoluminescence (PL) 
techniques. 
2- Synthesize and characterization of the transition metals (Mn, Co, Ni, Cu, and Fe) doped 
– ZnS  by a simple chemical method using alkyl hydroxyl ethyl dimethyl ammonium 
chloride  (HY) as a capping agent. 
3-The optical properties (PL and UV-vis) of the ZnS doped with transition metals (Mn, Co, 
Ni, Cu, and Fe) were investigated at room temperature. 
4- The optical band gap values were calculated for undoped and doped ZnS NPs  from the 



























2.1 Method of preparation 
2.1.1 Chemical precipitation 
Precipitation is the formation of a solid in a solution during a chemical reaction. When 
the reaction occurs, the solid formed is called the precipitate, and the liquid remaining 
above the solid is called the supernate. Natural methods of precipitation include settling 
or sedimentation, where solid forms over a period of time due to 
Ambient forces like gravity During chemical  reactions, 
precipitation may also occur particularly if an insoluble 
 substance is introduced into a solution and the density  
happens to be greater (otherwise the precipitate would float 
 or form a suspension). With soluble substances, 
 precipitation  is  accelerated once  the  solution  becomes 
 supersaturated [83] .                                                      Fig. (2.1) Formation of precipitates 
 
A common example is that of the mixing of two clear 
solutions: (1) Zinc acetate Zn(CH3COO)2 and (2) sodium 
sulfide (Na2S). The reaction is 
 
Zn(CH3COO)2    +   Na2S            ZnS  +  2 CH3COONa 
 
                                    






2.2  Materials 
To synthesize TM-doped ZnS, the following materials were used. Zinc acetate 
(Zn(CH3COO)2 .2H2O), cobalt chloride (CoCl2 .6H2O), nickel acetate(Ni(CH3 
COO)2.4H2O), manganese acetate (Mn(CH3COO)2.4H2O), iron chloride (FeCl2.4H2O), 
copper acetate Cu(CH3COO)2 and  sodium sulfide  (Na2S . xH2O) obtained from Merck 
were used as precursors, C16H36NOCl (Praepagen HY, R= 12 – 14) was purchased from 
Clariant and its molecular structure of surfactant  is given in Fig. (2.3). The chemical 
reagents were of analytical reagent grade and used without further purification. All the 
glasswares used in this experimental work were washed with acid and dry in oven at 80 oC. 
Distilled water was used for all dilutions and sample preparations. Where is TM = Co+2, 




  Fig. 2.3 Formula of  HY surfactant (Alkyl hydroxyl ethyl dimethyl ammonium chloride) 
 
2.3  Synthesis 
ZnS nanoparticles have been prepared by chemical precipitation method at room 
temperature. The chemical precipitation technique has been found to have a number of 
advantages including easy process ability at ambient conditions , possibility of doping of 
different kinds of impurities with high doping concentration even at room temperature, 
good control over the chemistry of doping, easiness of surface capping with a variety 
of different steps involved in the synthesis process of nanoparticles. Doped ZnS:TM  
nanoparticles were precipitated from a mixture of zinc acetate and TM with sodium sulfide 
in aqueous solution. Where is TM= Cu(CH3COO)2,  CoCl2,  FeCl2,  CoCl2,  Ni(CH3COO)2  
and  Mn(CH3COO)2. 
2.3.1  Synthesis of undoped/doped ZnS nanoparticles 
In a typical synthesis, 0.1 TM of Zn(CH3COO)2 .2H2O and the respective amounts ( 0.1–1 
% ) of doping materials in 25 ml distilled water were dissolved and another solution of 0.1 






agent. The Na2S solution was added dropwise to the zinc acetate solution under vigorous 
stirring. For each experiment, the molar amounts of Zn(CH3COO)2 and Na2S used were 
equal. During the whole reaction process, the reactants were vigorously stirred under air 
atmosphere at 30 oC. The formed nanocrystals were separated from the solution by 
centrifugation. Then, the sample was washed several times with distilled water and ethanol 
and dried in a hot air oven at 80 oC for 24 h. The undoped ZnS nanoparticle was also 
synthesized by following the same procedure without doping material. 
2.4  Characterization methods 
2.4.1 UV–vis absorption spectroscopy 
Optical spectra of the nanodispersions were taken with Shimadzu- 1601 UV-VIS  
spectrophotometer  in  quartz  cuvette  of 1 cm  path  length.  For  time-dependent  
absorption  measurements,  two  solutions  were  mixed  and  immediately transferred to 
quartz cuvette.  
2.4.2  Photoluminescence spectroscopy 
The PL spectra were recorded on Shimadzu – 5301 PL spectrofluorophotometer. The 
excitation wavelength of 270 nm for  ZnS:Cu, ZnS:Ni, ZnS:Co, ZnS:Fe and excitation 
wavelength of 330 nm for ZnS:Mn was used, and PL emission was recorded in 250–800 
nm range. 
 2.4.3  X-Ray diffraction studies 
Powder XRD studies were carried out using Panalytical, D/ Max-2500 X-Ray 
Diffractometer equipped with Cu-ka radiation  (k = 1.5418 Å )  employing  a  scanning  
rate  of 0.02° s-1.   Si  was  used  as a standard  to  determine  the instrumental 
broadening, and the (111) reflection was analyzed. The D2h for the silicon peak was about 
0.06 (h), and a simple instrumental correction was carried out by subtracting this value 
from the D2h values corresponding to the diffraction peaks obtained for our samples.  
2.4.4 FTIR spectroscopy 
FTIR spectra of dried ZnS nanoparticles were recorded with Perkin Elmer RX-1 
spectrophotometer in frequency range of 4,000–900 cm-1. A Small amount of the sample 
was mixed with 2–3 drops of CCl4  to form a thick paste. The paste was then applied on 
NaCl plates to record the spectra.  
34 
 
2.4.5Transmission electron microscopy 
Transmission electron microscopy (TEM) micrographs were taken using Hitachi (H-7500) 
transmission electron microscope operating at 80 kV. Samples for TEM studies were 
prepared by placing a drop of nanodispersion on a carbon-coated Cu grid, and the 
solvent was evaporated at room temperature.  
2.4.6  Energy dispersive X-ray spectroscopy 
The chemical composition of the samples were studied by the X-ray microanalysis, using 







































3.1 Formation of ZnS nanoparticles 
The formation of ZnS nanoparticles can be represented as of elementary ionic reaction 
Zn+2 (aqueous micelle) + S-2 (aqueous micelle)                ZnS (nanoparticles) 
Theoretically, the ratio [Zn(CH3COO)2]:[Na2S] required seems  to  be  1:1. But  actually 
[S2-] <   [Na2S], because aqueous solution of Na2S contained both aqueous H2S and HS
-  
and other sulfur oxyions such as thiosulfate and sulfite, originating either as impurities 
in solid Na2S  or from rapid oxidation of HS
-  by O2  [84]. The adsorption of surfactant 
molecules  onto  the  particles  surface  restricts  their unlimited growth. The particle size 
was further tailored by using HY surfactants, keeping other parameters unaltered. To 
investigate the optical properties of as prepared ZnS nanoparticles dispersed in aqueous 













Fig. 3.1 Scheme of the ZnS nanoparticle formation in aqueous micellar solution of HY 
surfactants . 
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3.2  Fourier transform infrared spectroscopy (FTIR) 
The mode of anchoring of HY onto the surface of synthesized ZnS nanoparticles was 
examined by recording their FTIR spectra. The FTIR spectra of pure surfactant and solid 
uncapped and capped samples are given in Fig. 3.2. The  formation of new bonds and shift 
in existing bands in adsorbed HY can  be  taken as an indicative of their binding mode. The 
FTIR analysis of the uncaped ZnS spectrum  and caped ZnS spectrum nanoparticles 
indicates that the peaks appearing at 1112, 1000 and 657 cm-1 are due to Zn S vibration. 
The obtained peak values are in good agreement with the reported values [85].   A broad 
peak at 3500 cm-1   due to (O –H) stretching has been observed in the  HY and  ZnS+HY  
because the surfactant contain OH group. The typical bands in  3000–2800 cm-1  range due 
to ( C-H) symmetric and asymmetric stretching vibrations modes of  alkyl  chain 
experience negligible shifts. This indicates free  alkyl  chain of surfactants that have not  
been adsorbed over  NPs surface. The bands at 1623cm-1 and at 2357 cm-1 are due to the  
C-O stretching mode arising from the adsorption of atmospheric CO2 on the surface of the 
nanoparticles [86]. The peaks in 1465 cm-1  range due to (C-H)bending vibrations of           
-N-CH3 moiety have been either shifted or  completely suppressed in  the presence of  ZnS 
nanoparticles. The C-N stretching absorption occurs in the region 1086 cm-1. By 
comparing these spectra with that of ZnS undoped, it was found that there has been 
significant shift in peaks due to –C–N stretching, –C–H bending vibrations of –N–CH3 
moiety. The detailed assignment of FTIR peaks of  HY  in the presence and absence of 
ZnS nanoparticles are given in Fig. (3.2)  [87–89]. These observations reveal that in both 
the cases capping of nanoparticles was due to adsorption of surfactant molecules through 
head groups. Hence, the surface passivation of ZnS nanoparticles by surfactant adsorption 














   







Fig. 3.2 FTIR spectrum of pure surfactants,  uncapped and caped ZnS nanoparticles. 











































































































3.3  Cobalt-doped zinc sulfide ZnS:Co  
The synthesis of coblat doped- ZnS occurs according to the following reaction. 
      [Zn2+ , Co2+] + S2-                 Zn1-xS:Cox 
The obtained ZnS:Co nanoparticles were colored. Fig. 3.3 shows the colors of the Co-
doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Co, (c) 0.5% Co and (d) 1.0% Co. It 
was found that the color was dependent on dopant percentage in ZnS samples.  The colors 
are due to absorption of light that leads to excitation of an electron from ground state 







Fig. 3.3 The colors of the Co-doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Co, (c) 
0.5% Co and (d) 1.0% Co. 
3.3.1 X-ray diffraction analysis of ZnS:Co 
X-ray diffraction pattern will give the information about crystalline structure 
and grain size  of the nanoparticles. Fig. 3.4 shows the XRD patterns of the Co-
doped ZnS nanoparticles (a) pure ZnS, (b) 0.1 %Co, (c) 0.5 %Co and (e) 1.0 %Co. 
This figure shows the three diffraction peaks at 2θ values 28.6o, 47.6o and 56.5o. The peaks 
are appearing due to reflection from the (111), (220) and (311) planes of the cubic phase of 
the ZnS. The XRD pattern of the prepared samples are well matched with the standard 
cubic ZnS (JCPDS card No. 050566) (JCPDS refer to Joint Committee for Powder 
Diffraction Standards) . The diffraction peaks are significantly broadened due to 
the very small size  of  the nanocrystals [90]. No other phases have been 
observed.  ZnS nanoparticles have been grown with cubic phase. When compared with 
the standard sample (JCPDS card No. 050566), the X-ray diffractogram and 2θ values 
of ZnS were found to be in fairly good agreement, thus confirming the zinc blende 
crystal structure. No diffraction peaks corresponding to Co precipitates or Co-related 
a b c d 




0.0%Co 0.1% Co 0.5% Co 1.0% Co 
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impurity phase were detected, which further confirmed the formation of ZnS:Co solid 
solution instead of Co+ 2  precipitation or second phase. In  addition, the diffraction 
peaks of  the doped ZnS nanocrystals shift a little toward high angle 
compared with those of undoped ZnS nanocrystals. This suggests that the 
cobalt ions substitute the zinc  ions, resulting in reduced lattice constants.   







              (3.1) 
where λ is the X-ray wavelength (1.54056A˚ ), θ is the Bragg angle, and the Miller index 
of the crystal plane is (hkl). For x = 0, a was found to be 5.4024A˚ , which is close to 
the reported value of cubic blende ZnS (JCPDS card, No. 03-0570, a = 5.4000A˚ ). 
Similarly, the lattice constant a for x = 0.1, 0.5  and 1 % of Co was found to be 5. 2942, 
5.2445 and 5.1908A˚,  respectively.  It  is  clear  that  the  lattice  constant  of  the  
Co-doped  ZnS nanoparticles decreases with the increase of the Co+2 content. This can be 
explained by the fact that Co+2  (0.072 nm) has a smaller radius than Zn+2  (0.074 nm) 
[92]. Moreover, this also suggests that some Zn+2 sites were substituted by Co+2. The 
average particle sizes of the samples were estimated from  the broadening of the 
diffraction peaks using the Debye –Scherrer equation  
                 (3.2) 
      where D is the particle size, k a fixed number of 0.9, λ the X-ray wavelength, θ the 
Bragg’s angle in radians, and B the full width at half maximum of the peak in radians. The 
average particle size of pure, 0.1 %, 0.5 % and 1 % of Co concentration were found to be 
3.8 nm, 3.3 nm, 3 nm and 2.4 nm respectively. Its clear that the average particle size of Co-
doped ZnS decreases with the increasing of the cobalt concentration. From the results, it 
was assumed that, the added quantity  of  capping  agent  (HY)  is  enough  to  prevent  































Fig. 3 . 4  X-ray diffraction patterns of Co-doped ZnS nanoparticles (a) 0.0 % Co, (b) 0.1 
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3.3.2  TEM analysis of ZnS:Co  
The study of surface morphology of ZnS:Co  NPs has been carried out by TEM.  Fig. 3.5 
.demonstrates the typical TEM image and the corresponding size distribution diagram of 
Co-doped ZnS nanoparticles. The result shows that the as-synthesized Co-doped ZnS 
nanoparticles are in narrow size distribution, the shape of the particles is approximately 
spherical. The average particle size of samples was found to be 2.7 - 4 nm, which is in 
good agreement with the average particle size obtained using XRD results. Both XRD and 
the TEM measurements suggest that most of the Co+2 atoms have substituted into the ZnS 
lattice sites.  
Table : 3.2 .The obtained values of average crystallite size D (nm)by TEM. for  undoped 
ZnS, and doped ZnS of Co with varying percentages: 0.1 % and 1.0   % .
Samples Average crystallite size D (nm) 
TEM. 
Crystallite size D (nm) 
XRD. 
ZnS 4 3.8 
ZnS:0.1 % Co 3.5 3.3 
















Fig. 3.5 TEM micrographs and histograms of Co-doped ZnS nanoparticles (a) 0.0 %, (b) 0.1 
% and  (c)1.0 % of Co. 
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3.3.3 EDX spectroscopy of ZnS:Co 
EDX Analysis stands for Energy Dispersive X-ray analysis. Energy dispersive X-ray 
spectroscopy (EDS) is an analytical technique used for the elemental analysis or chemical 
characterization of a sample. EDX spectroscopy is an analytical tool to determine the 
composition of the sample. As a type of spectroscopy, it relies on the investigation of a 
sample through interactions between electromagnetic radiation and  matter,  analyzing  
X-rays  emitted  by the  matter  in  response  to  being  hit  with  charged particles  [94]. 
The composition of the ZnS:Co nanoparticles were analyzed by EDX spectroscopy. 
Electron beam induced inner-shell ionization and subsequent emission of characteristic 
fluorescence are analyzed in order to obtain the composition. As shown in Fig. 3.6. Zn L-  
fluorescence (Lα around 1 keV energy range), Zn K-fluorescence (Kα in the energy 
range 8-9 keV and Kβ in the energy range 9-10 keV), S K- fluorescence (Kα in  the 2-3 
keV energy range) and Co K & L-fluorescence are observed. Typical EDX spectra of 1 % 
Co-doped ZnS sample are displayed in Fig. 3.6 . The spectra reveal that only three 
elements, Zn, S and Co element exist in Co-doped ZnS nanoparticles. No traces of other 










                 
               Fig. 3.6 EDX spectrum of pure 1.0 %  Co - doped ZnS nanoparticles. 
 
















3.3.4   Optical studies 
3.3.4.1 UV-vis absorption studies of ZnS:Co 
The absorption spectra of ZnS:Co nanoparticles in UV-light region was illustrated in Fig. 
3.7. The absorption edge at 315 nm is assigned to the characteristic absorption band edge 
of ZnS nanoparticles, which is blue shifted as compared with the corresponding bulk band 
gap (3.90 eV) of ZnS due to quantum confinement effect [95]. However, the absorption 
edge for the Co-doped ZnS nanoparticles slightly shifted to shorter wavelengths (blue 
shift) compared to undoped ZnS. The fundamental absorption, which corresponds to 
electron excitation from the valance band to conduction band, can be used to determine 
the value of the optical band gap of the synthesized ZnS nanoparticles. The relation 
between the incident photon energy (hν) and the absorption coefficient (α) is given by the 
following relation: 
( ) ( )gn EhAh −= ννα
1
                     (3.3) 
where A is the constant and Eg is the band gap energy of the material and the exponent 
n depends on the type of transition. For direct allowed transition n= 1/2, for indirect 
allowed transition n= 2, for direct forbidden n= 3/2 and for indirect forbidden n= 3. Direct 
band gap of the samples are calculated by ploting (αhν)2 versus hν and then extrapolating 
the straight portion of the curve on the hν axis at α = 0 as shown in Fig. 3.8 . The straight 
lines imply that the Co-doped ZnS samples have a direct energy band gap and the band 
gap was increased from 3.95 to 4.05 eV with the increase of Co+2 concentration. The 
absorption edge shifts towards the lower value of wavelength (higher energy) with an 
increase  in  concentration  of  Co+2.  It  is  clear  that the  band  gap  increase  with 
doping concentration slightly. Therefore, t h e  introduction of Co+2 systematically shifts 
the absorbance maxima towards shorter wavelength thereby increasing the band gap. The 
trend of the observed band gap variation after doping in present study is similar to that 















Fig. 3.7 UV-vis. spectra of Co-doped ZnS nanoparticles (a) 0.0 % Co, (b) 0.1 % 












Fig.(3.8).  Optical band gap spectra of Co-doped ZnS nanoparticles (a) 0.0 % Co, (b) 0.1 % 
Co, (c) 0.5 % Co and (d) 1.0 % Co. 
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3.3.4.2  Photoluminescence studies of ZnS:Co 
The photoluminescence (PL) emission is one of the most important physical properties in 
ZnS nanoparticles and depends upon synthesis conditions, shape, size and energetic 
position of the surface states  [98–100]. The PL of the synthesized ZnS and Co doped ZnS 
nanoparticles is studied at room temperature to further investigate the optical 
properties Fig. 3.9. An intense peaks in violet region at 352 , 360 and 365 nm are observed 
due to the defect sites (absence of Zn+2 or S-2 ions in ZnS lattice sites) in all the samples. 
Due to the defect sites, the radiative recombination processes between electrons (in 
conduction band) and holes (in valance band) became intense resulted in a sharp intense 
peak  [101]. Another feature of PL spectra is the weak emission bands in blue region at 
468 nm. This may be due to sulfur vacancy and interstitial sulfur lattice defects  [102]. 
From the XRD study it has been observed that both of these emission bands were 
characteristic features of cubic phase pure ZnS NPs. In the beginning, when no capping 
agent was present, the ZnS NPs possess cubic close packed structure which is confirmed 
from XRD . On addition of capping agent (HY) the exciton recombination processes were 
interfered resulted in decreasing the intensity and blue shifting the emission band from 
365 to 352 nm as seen in Fig. 3.9.  The ammonium group of  HY is effective in 
quenching the luminescence  [103] due to the ability of N-atom in HY cation to seize the 
electrons from the surface states of nanoparticles making the electron transfer easy. PL 
spectra of aqueous surfactant solution without nanoparticles were also recorded and 
showed no emission at same excitation. This result indicates that the photophysical 
properties of ZnS nanoparticles depend up on the size and surface passivation . The 
photoluminescence spectra of Co+2 doped ZnS nanoparticles in aqueous micellar solution 
of HY are presented in Fig. 3.10. On doping from 0.1 – 1.0% Co ions the peaks positions  
appear at 3 6 0 , 3 5 0 a n d  348 nm  and the intensity of both of these bands 
decreases and showed a blue shift as compared to pure ZnS nanoparticles. From XRD 
measurements it is seen that the particle size is decreased at higher dopant percentages 
which confirm the blue shift at these concentrations of Co dopant. Although it is still not 
certain that this blue shift of the emission peak is due to the quantum confinement effect of 
the nanocrystals, it is believed that this blue shift is related to a small particle size, narrow 
size distribution, and/or surface defects. However the intensity of the fluorescence at 468 
nm is almost decreased by increasing the dopant concentration as shown in the onset of 
48 
 
Fig. 3.10 . According to Borse et al. this behavior was due to the collection of positive 
charges Co+2  at the defect sites which intervened the radiative processes  [104]. 
The schematic energy level diagram of the Co-doped ZnS nanoparticles is depicted in Fig. 
3.11. This figure  explains the emission mechanism of Co-doped  ZnS  nanocrystals and 



























































 Fig. 3.10 Photoluminescence spectra  of  Co-doped ZnS NPs (a) 0.0 % Co, (b) 0.1 










Fig. 3.11 Schematic energy level diagram showing the emission mechanism in the ZnS:Co  
nanoparticles . Here,Vs stands for sulfur vacancy , VZn for zinc vacancy, IZn for sulfur 
interstitials and IZn for zinc interstitials.
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3.4  Nickel-doped zinc sulfide  ZnS:Ni 
The synthesis of nickel doped- ZnS occurs according to the following reaction. 
      [Zn2+ , Ni2+] + S2-                 Zn1-xS:Nix 
The obtained ZnS:Ni nanoparticles were colored. Fig. 3.12 shows the colors of the Ni-
doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Ni, (c) 0.5% Ni and (d) 1.0% Ni. It 
was found that the color was dependent on dopant percentage in ZnS samples.  The colors 
are due to absorption of light that leads to excitation of an electron from ground state 









Fig. 3.12 The colors of the Ni-doped ZnS nanoparticles (a) pure ZnS, (b) 0.1 %Ni, (c) 0.5 
%Ni and (d) 1.0 %Ni.  
3.4.1 X-Ray diffraction analysis of  ZnS:Ni 
X-ray diffraction pattern will give the information about the crystalline structure and grain 
size  of the nanoparticles. The X-ray diffraction pattern of the prepared ZnS and ZnS:Ni+2 
nanocrystallites are  shown in Fig. 3.13. Three prominent peaks corresponding to (111), 
(220), and (311) reflection planes of ZnS were observed respectively at 2θ  of  28.60o,  
47.060o,  and  56.50o. The diffraction peaks from (111), (220), and (311) planes have only 
appeared in the pattern and all other high-angle peaks have submerged in the background 
due to the large line broadening, which is attributed to nanosize  of the particles [90]. On 
comparing with the standard sample (JCPDS card No. 050566), the X-ray diffractogram 
and 2θ values of ZnS were found to be in fairly good agreement, thus confirming the zinc 
blende crystal structure. The broadening of the diffraction peaks indicates the nanosize of 
the synthesized particles. The lattice constant (a) was estimated by using the equation (3.1). 




0.0 % Ni 0.1 % Ni 0.5 % Ni 1.0 % Ni 
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For x = 0, a was found to be 5.4024A˚ , which is close to the reported value of cubic 
blende ZnS (JCPDS card, No. 03-0570, a = 5.4000A˚ ). Similarly, the lattice constant a for 
x =  0.1, 0.5 and 1 % of Ni was found to be 5.3854, 5.3796 and 5.3581 A˚,  respectively 
as shown in table (3.5).  It  is  clear  that  the  lattice  constant  of  the  Ni-doped  ZnS 
nanoparticles decreases with the increase of the Ni+2 content. This can be explained by 
the fact that Ni+2  (0.069 nm) has a smaller radius than Zn+2  (0.074 nm) [92] . Moreover, 
this also suggests that some Zn+2 sites were substituted by Ni+2. The average particle 
sizes of the samples were estimated from  the broadening of the diffraction peaks 
using the Debye–Scherrer equation as shown in table (3.5)  
Table 3.3: Crystallite size and lattice parameter of all the ZnS:Ni nanoparticles 
 
                             
 
From the table it can be concluded that the crystallite size of doped ZnS nanoparticles 
comes out in the range of 3.8-2.4 nm and that the crystallite size decreases as the nickel 











               
 Fig. 3.13  X-ray diffraction pattern for Ni-doped ZnS nanoparticles  (a) 0.0 %Ni, (b) 0.1% 
Ni,(c) 0.5 % Ni and (d) 1.0 % Ni.  
Sample Name Crystallite Size (nm) Lattice constant (a)  A˚ 
 ZnS 3.8 5.4024 
ZnS:Ni (0.1% ) 3.2 5.3854 
ZnS:Ni (0.5%) 2.6 5.3796 
ZnS:Ni (1.0%) 2.4 5.3581 


















3.4.2 TEM analysis of ZnS:Ni   
Fig. 3.14 demonstrates the typical TEM image and the corresponding size distribution 
diagram of Ni-doped ZnS nanoparticles. The result shows that the as-synthesized Ni-doped 
ZnS nanoparticles are in narrow size distribution, the shape of the particles is 
approximately spherical. The average particle size of samples was found to be 3.8 -2.5 nm, 
which is in good agreement with the average particle size obtained using XRD results. 
Both  XRD  and  the  TEM  measurements  suggest  that  most  of  the  Ni+2 atoms  have 
substituted into the ZnS lattice sites. 
Table 3.4 the obtained values of average crystallite size D (nm)by TEM of Ni- doped 






















Samples Average crystallite size D (nm) 
TEM. 
Crystallite size D (nm) 
XRD. 
ZnS 3.8 3.8 
ZnS:Ni (0.5%) 2.85 2.6 



























Fig. 3.14 TEM micrographs and histograms of Ni-doped ZnS nanoparticles (a) 0.5 % and 





























































3.4.3  EDX spectroscopy of ZnS:Ni 
EDX spectra of 1 % for  Ni-doped ZnS sample are displayed in Fig. 3.15  . Spectra reveal 
that only three elements, Zn, O, and Ni element exist in Ni-doped ZnS nanoparticles. No 











                     
 
                                 
                                    

















3.4.  Optical studies of ZnS:Ni 
3.4.4.1 UV-vis absorption studies of ZnS:Ni 
The absorption spectra of ZnS:Ni nanoparticles in UV-light region was illustrated in Fig. 
3.16. The absorption edge at 315 nm is assigned to the characteristic absorption band edge 
of ZnS nanoparticles, which is blue shifted as compared with the corresponding bulk band 
gap (3.6 eV) of ZnS due to quantum confinement effect [95]. However, the absorption 
edge for the Ni-doped ZnS nanoparticles is  slightly shifted to shorter wavelengths (blue 
shift) compared to undoped ZnS. The direct band gap of the samples are calculated by 
plotting (αhν)2 versus hν and then extrapolating the straight portion of the curve on the hν 
axis at α = 0 as shown in Fig. 3.17 . The straight lines imply that the Ni-doped ZnS 
samples have direct energy band gap and the band gap was increased from 3.9 to 4 eV 
with the increase of Ni+2 concentration. The absorption edge shifts towards the lower 
value of wavelength (higher energy) with an increase  in the  concentration  of  Ni+2. It  is  
clear  that the band  gap  increase  with  doping concentration slightly. Therefore, t h e  
introduction of Ni+2 systematically shifts the absorbance maxima towards shorter 












 Fig. 3.16 UV-vis spectra of  Ni-doped ZnS  nanoparticles (a) 0.0 % Ni, (b) 0.1 % Ni, (c) 
0.5 % Ni and (d) 1.0 % Ni .   
 




































Fig. 3.17 Optical band gap spectra of Ni-doped ZnS nanoparticles (a) 0.0 % Ni, (b) 0.1 % 






























3.4.4.2  Photoluminescence studies of ZnS:Ni  
The PL of the synthesized ZnS and Ni doped ZnS nanoparticles is studied at room 
temperature to  further investigate the optical properties Fig. 3.18.  An intense peak in  
violet region at 350  nm is observed due to the defect sites (absence of Zn+2 or S-2  ions in 
ZnS lattice sites) in all the samples. Due to the defect sites, the radiative recombination 
processes between electrons (in  conduction band) and holes (in  valance band) became 
intense resulted in  a  sharp intense peak [105]. Another feature of  PL spectra is  the weak 
emission bands in blue region at 430-500 nm. This may be due to sulfur vacancy and 
interstitial sulfur lattice defects [106]. From the XRD study it has  been observed that both 
of these emission bands were characteristic features of cubic phase pure ZnS Nps PL 
spectra of aqueous surfactant solution without nanoparticles were also recorded and 
showed no emission at same excitation. This result indicates that the photophysical 
properties of ZnS nanoparticles depend up on the size and surface passivation . On doping 
from  0.0, 0.1, 0.5 and 1.0 % Ni+2 ions the peaks positions  appear at 360, 343, 342, and 
341 nm  and the intensity of both of these bands decreases and showed a blue shift as 
compared to pure ZnS nanoparticles. From XRD measurements it is seen that the particle 
size is decreased at higher dopant concentrations which confirm the blue shift at these 
concentrations of  Ni dopant. Although it is still not certain that this blue shift of the 
emission peak is due to the quantum confinement effect of the nanocrystals, it is believed 
that this blue shift is related to small particle size, narrow size distribution, and/or surface 
defects. However the intensity of the fluorescence at 468 nm is almost decreased by 
increasing dopant concentration as shown in the onset of Fig.3.18. According to Borse et 
al. this behavior was due to the collection of positive charges Ni+2  at the defect sites which 

























Fig. 3.18 Photoluminescence spectra of  Ni-doped ZnS nanoparticles (a) 0.0 % Ni, (b) 0.1 
% Ni, (c) 0.5 % Ni and (d) 1.0 % Ni. 
 





















3.5  Manganese-doped zinc sulfide  ZnS:Mn 
The synthesis of manganese doped- ZnS occurs according to the following reaction. 
      [Zn2+ , Mn2+] + S2-                 Zn1-xS:Mnx 
The obtained ZnS:Mn nanoparticles were colored. Fig. 3.19 shows the colors of the Mn-
doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Mn, (c) 0.5% Mn and (d) 1.0% Mn. It 
was found that the color was dependent on dopant percentage in ZnS samples.  The colors 
are due to absorption of light that leads to excitation of an electron from ground state 
(valence band) to excited state (conduction band).  
a b c d 
 
   
0.0 % Mn 0.1 % Mn 0.5 % Mn 1.0  %  Mn 
 
Fig. 3.19 The colors of the Mn-doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Mn, (c) 
0.5% Mn and (d) 1.0% Mn. 
 
3.5.1 X-Ray diffraction studies of ZnS:Mn 
To investigate the crystalline structure of the product, powder XRD measurements were 
taken at room temperature. The X-ray diffraction patterns of Mn- ZnS nanoparticles 
prepared in HY surfactant are shown in Fig.(3.20) , and the peaks are well matched with 
pure zinc blend structure  (JCPDS  powder  diffraction  card  No. ( 5-0566). The three 
diffraction peaks are corresponding to (111), (220), and (311) planes of cubic crystalline 
ZnS, respectively. In all of the XRD patterns, broadening of the peaks indicates the 
nanocrystalline nature of the samples [90]. No characteristic peaks of impurity phases are 
observed in XRD patterns of the doped samples. The average particle size of Mn-doped 
ZnS nanoparticles were estimated at 2.5- 4 nm. It is indicating that the crystallite size 






















Fig. 3 . 2 0  X-ray diffraction pattern for Mn-doped ZnS nanoparticles (a) 0.0 % Mn, (b) 
0.1 % Mn, (c) 0.5 % Mn and (d) 1.0 % Mn.  




















3.5.2 TEM analysis of ZnS:Mn  
Fig. 3.21 demonstrates the typical TEM image and the corresponding size distribution 
diagram of Mn-doped ZnS nanoparticles. The result shows that the as-synthesized Mn-
doped ZnS nanoparticles are in narrow size distribution, the shape of the particles is 
approximately spherical. The average particle size of samples was found to be 2.5 - 4 nm, 
which is in good agreement with the average particle size obtained using XRD results as 
shown in table 3.6. Both  XRD  and  the  TEM  measurements  suggest  that  most  of  














Fig. 3.21 TEM micrographs and histograms of  Mn-doped  ZnS  nanoparticles  (a)  0.1 % 
and  (b) 1.0  % of  Mn. 
 
Samples Average crystallite size D (nm) 
TEM. 
Crystallite size D (nm) 
XRD. 
ZnS 4 3.8 
ZnS:Mn 0.1 % 3.4 3.4 






























3.5.3 EDX spectroscopy of ZnS:Mn 
EDX spectra of 1 % Mn-doped ZnS sample are displayed in Fig. 3.22 spectra reveal that 
only three elements, Zn, S and Mn element exist in Mn-doped ZnS nanoparticles. No 




























3.5.4 Optical studies  
3.5.4.1 UV-vis absorption studies of ZnS:Mn 
The absorption spectra of ZnS:Mn nanoparticles in UV-light region was illustrated in Fig. 
3.23 . The absorption edge at 315 nm is assigned to the characteristic absorption band edge 
of ZnS nanoparticles, which is blue shifted as compared with the corresponding bulk band 
gap (3.6 eV) of ZnS due to quantum confinement effect [95]. However, the absorption 
edge for the Mn-doped ZnS nanoparticles slightly shifted to shorter wavelengths (blue 
shift) compared to undoped ZnS. The direct band gap of the samples are calculated by 
plotting (αhν)2 versus hν and then extrapolating the straight portion of the curve on the hν 
axis at α = 0 as shown in Fig. 3.24 . The straight lines imply that the Mn-doped ZnS 
samples have direct energy band gap and the band gap was increased from 3.9 to 4.1 eV 
with the increase of Mn+2 concentration. The absorption edge shifts towards the lower 
value of wavelength (higher energy) with an increase  in the concentration  of  Mn+2. It  is  
clear  that the  band  gap  increase  with  doping concentration slightly. Therefore, the 
introduction of Mn+2 systematically shifts the absorbance maxima towards shorter 
wavelength thereby increasing the band gap. The trend of observed band gap variation 












Fig. 3.23 UV-vis spectra of Mn-doped ZnS nanoparticles (a) 0.0 % Mn, (b) 0.1  % Mn, (c) 
0.5 % Mn  and (d) 1.0%  Mn. 






































Fig. 3.24 Optical band gap spectra of Mn-doped ZnS nanoparticles (a)  0.0 % Mn, (b) 0.1% 
 Mn, (c) 0.5%  Mn  and  (d) 1.0%  Mn. 
 



















3.5.4.2  Photoluminescence study of ZnS:Mn  
Photoluminescence (PL) of the ZnS:Mn samples are measured at room temperature. The 
PL spectrum of Mn+2 doped ZnS nanoparticles are shown in Fig. 3.25. The PL spectrum 
shows the efficient emission of yellow color light with peak at ~583 nm due to the 
excitation wavelength of 330 nm. Whereas the undoped ZnS sample shows the blue 
emission. The doping of Mn+2 in host ZnS produce energy levels between the conduction 
band and valence band of the ZnS, leads to the emission of yellow colour light from Mn+2 
doped ZnS nanoparticle.  Lu  et  al.  [107] reported  that  the  PL  intensity  of  Mn+2 
doped ZnS  nanocrystals was enhanced, in comparison with the pure ZnS. ZnS:Mn 
nanocrystals are found to have increased photoluminescence efficiency with a very short 
lifetime of the transition associated with the magnetic impurity Mn+2  [108]. For small 
particles like the ZnS:Mn nanoparticles, the majority of the Mn+2  ions are at the near-
surface sites and occupy axial or lower symmetry sites [109]. The yellow emission 
originates from a transition between the 4 T1 excited state and 
6A1 ground state of Mn
+2 
ion [110]. On doping zinc sulfide with manganese, the Mn+2 ions substitute the Zn+2 ions in 
the ZnS  crystal acting as trap sites, where the electrons and holes can be trapped. An 
electron can undergo photo excitation process in the host ZnS lattice of  nanoparticles and 
subsequently decay via a non radiative  transition to the 4T1 (Excited state)  level to the 
6A1 
(Ground state)  level. The strong emission could be attributed to the radiative decay 










Fig. 3.25 Photoluminescence spectra  of Mn-doped  ZnS NPs (a) 0.0 % Mn, (b) 
0.1 % Mn, (c) 0.5 % Mn and (d) 1.0 % Mn   respectively. 
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3.6  Iron-doped zinc sulfide ZnS:Fe  
The synthesis of iron doped- ZnS occurs according to the following reaction. 
      [Zn2+ , Fe2+] + S2-                 Zn1-xS:Fex 
The obtained ZnS:Fe nanoparticles were colored. Fig. 3.27 shows the colors of the Fe-
doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Fe, (c) 0.5% Fe and (d) 1.0% Fe. It 
was found that the color was dependent on dopant percentage in ZnS samples.  The colors 
are due to absorption of light that leads to excitation of an electron from ground state 







Fig. 3.27 The colors of the Fe-doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Fe, (c) 
0.5% Fe and (d) 1.0% Fe. 
3.6.1 X-Ray diffraction studies of ZnS:Fe 
Fig. 3.28 shows the XRD patterns of the Fe-doped ZnS nanoparticles. This figure shows 
the three diffraction peaks at 2θ values 28.3o, 47.4o and 56.3o. The peaks are appearing due 
to reflection from the (111), (220) and (311) planes of the cubic phase of the ZnS. The 
XRD pattern of the prepared samples are well matched with the standard cubic ZnS 
(JCPDS card No. 050566). The diffraction peaks are significantly broadened due to the 
very small size  of  the nanocrystals [90]. No other phases have been observed.  ZnS 
nanoparticles have been grown with cubic phase. On comparing with the standard sample 
(JCPDS card No. 050566), the X-ray diffractogram and 2θ values of ZnS were found to be 
in fairly good agreement, thus confirming the zinc blende crystal structure.  No diffraction 
peaks corresponding to Fe precipitates or Fe-related impurity  phase were detected, which 
further confirmed the formation of ZnS:Fe solid solution instead of Fe+2 precipitation or 
second phase. In  addition, the diffraction peaks of  the doped ZnS nanocrystals shift a little 
toward high angle compared with those of undoped ZnS nanocrystals. This suggests that 
a b c d 
 
   




the iron ions substitute the zinc  ions, resulting in reduced lattice constants. The lattice 
constant( a) was estimated by using the equation (3.1). 
 For x = 0, (a) was found to be 5.401A˚ , which is close to the reported value of cubic 
blende ZnS (JCPDS card, No. 03-0570, a = 5.4000A˚ ). Similarly, the lattice constant a for 
x = 0.1, 0.5 and 1.0 % of Fe was found to be 5. 397, 5.3757 and 5.3572 A˚,  
respectively. It  is  clear  that  the  lattice  constant  of  the  Fe-doped  ZnS 
nanoparticles decreases with the increase of the Fe+2 content as shown in Table 3.15. This 
can be explained by the fact that Fe+2 0.072 nm has a smaller radius than that of Zn+2  
(0.074 nm) [92]. Moreover, this also suggests that some Zn+2 sites were substituted by 
Fe+2. The estimated average sizes of the ZnS, 0.1% Fe, 0.5% Fe and 1% Fe doped ZnS 
nanoparticles are 3.8 nm, 3.5 nm, 3.2 nm and 3 nm, respectively as shown in Table 3.15. 
Table 3.6: For crystallite size of doped ZnS nanoparticles and lattice constant a with 















Fig. 3 . 2 8  X-ray diffraction pattern for Fe-doped ZnS nanoparticles ( a )  0 . 0  % F e ,  
( b )  0 . 1  %  F e ,  ( c )  0 . 5  %  F e  a n d  ( d )  1 . 0  %  F e . 
Sample Name Crystallite Size (nm) Lattice constant a (nm) 
         ZnS 3.8 5.401 
    ZnS:Fe ( 0.1% Fe) 3.5 5.392 
ZnS:Fe (0.5% Fe) 3.2 5.375 
ZnS:Fe (1.0% Fe) 3.0 5.357 





















3.6.2 TEM analysis of ZnS:Fe  
Fig. 3.29 demonstrates the typical TEM image and the corresponding size distribution 
diagram of Fe-doped ZnS nanoparticles. The result shows that the as-synthesized Fe-doped 
ZnS nanoparticles are in narrow size distribution, the shape of the particles is 
approximately spherical. The average particle size of samples was found to be 2.5 - 4 nm, 
which is in good agreement with the average particle size obtained using XRD results. 
Both  XRD  and  the  TEM  measurements  suggest  that  most  of  the  Fe+2 atoms  have 
substituted into the ZnS lattice sites.  
Table 3.7 : The obtained values of average crystallite size D (nm) by TEM. for Fe-doped 












Fig. 3.29 TEM micrographs and histograms of Fe-doped ZnS nanoparticles (a) 0.0 %,  and  
(b) 1.0 % of  Fe. 
Samples Average crystallite size D 
(nm) TEM. 
Crystallite size D (nm) 
XRD. 
ZnS 4 3.8 
ZnS:Fe (0.5% Fe) 3.2 3.5 
ZnS:Fe (1.0 % Fe) 2.8 3.0 
 







































3.6.3 EDX spectroscopy of ZnS:Fe 
EDX spectra of 1% Fe-doped ZnS sample are displayed in Fig. 3.30 . spectra reveal that 
only three elements Zn, S, and Fe element exist in Fe-doped ZnS nanoparticles. No 






















3.6.4  Optical studies  
3.6.4.1 UV-vis absorption studies of ZnS:Fe 
The absorption spectra of ZnS:Fe nanoparticles in UV-light region was illustrated in Fig. 
3.31. The absorption edge at 315 nm is assigned to the characteristic absorption band edge 
of ZnS nanoparticles, which is blue shifted as compared with the corresponding bulk band 
gap (3.6 eV) of ZnS due to quantum confinement effect [95]. However, the absorption 
edge for the Fe-doped ZnS nanoparticles slightly shifted to shorter wavelengths  
compared to undoped ZnS. The direct band gap of the samples are calculated by plotting 
(ahν)2 versus hν and then extrapolating the straight portion of the curve on the hν axis at α 
= 0 as shown in Fig. 3.32. The straight lines imply that the Fe-doped ZnS samples have  
a direct energy band gap and the band gap was increased from 3.9 to 4.06 eV with the 
increase of Fe+2 concentration. The absorption edge shifts towards the lower value of 
wavelength (higher energy) with an increase  in the concentration of Fe+2.  It is  clear  
that the band gap increase with doping concentration slightly. Therefore, the introduction 
of Fe+2 systematically shifts the absorbance maxima towards shorter wavelength thereby 











Fig. 3.31 UV-vis spectra of Fe-doped ZnS nanoparticles (a) 0.0 % Fe, (b) 0.1 %  Fe, (c) 0.5 
%  Fe  and  (d)  1.0 %  Fe. 
 


































          Fig. 3.32 Optical band gap spectra of Fe-doped ZnS nanoparticles (a) 0.0 % Fe,  (b) 



























3.6.4.2 Photoluminescence study of ZnS:Fe  
The photoluminescence (PL) emission is one of the most important physical properties in 
ZnS nanoparticles and depends upon synthesis conditions, shape, size and energetic 
position of the surface states [98–100]. The PL of the synthesized ZnS and Fe-doped ZnS 
nanoparticles is studied at room temperature to further investigate the optical 
properties Fig. 3.33 . Broad peaks in the violet region at 365 nm are observed due to the 
defect sites (absence of Zn+2 or S-2 ions in ZnS lattice sites) in all the samples. Due to 
the defect sites, the radiative recombination processes between electrons (in conduction 
band) and holes (in valance band) became intense resulted in a sharp intense peak [101]. 
Another feature of PL spectra is the weak emission bands in the blue region at 470 nm. 
This may be due to sulfur vacancy and interstitial sulfur lattice defects [102]. From the 
XRD study it has been observed that both of these emission bands were characteristic 
features of cubic phase pure ZnS NPs PL spectra of aqueous surfactant solution without 
nanoparticles were also recorded and showed no emission at the same excitation. This 
result indicates that the photophysical properties of ZnS nanoparticles depend up on the 
size and surface passivation .The photoluminescence spectra of Fe-doped ZnS 
nanoparticles are presented in Fig. 3.33. On doping from 0.0, 0.5, 0.1 and 1.0 % Fe+2 ions 
the peaks positions  appear at 365, 351, 348 and 345 nm  and  the intensity of both of 









Fig. 3.33 Photoluminescence spectra  of Fe-doped ZnS (a) 0.0 % Fe, (b) 0.1 % Fe, (c) 0.5 
% Fe and (d) 1.0 % Fe  respectively. 
 

































































































3.7  Copper-doped zinc sulfide ZnS:Cu 
 The synthesis of coblat doped- ZnS occurs according to the following reaction. 
      [Zn2+ , Cu2+] + S2-                 Zn1-xS:Cux 
The obtained ZnS:Cu nanoparticles were colored. Fig. 3.35 shows the colors of the Cu-
doped ZnS nanoparticles (a) pure ZnS, (b) 0.1% Cu, (c) 0.5% Cu and (d) 1.0% Cu. It 
was found that the color was dependent on dopant percentage in ZnS samples.  The colors 
are due to absorption of light that leads to excitation of an electron from ground state 








Fig. 3.35 The colors of the Cu-doped ZnS nanoparticles (a) pure ZnS, (b) 0.1 %Cu, (c) 
% 0.5 Cu, (d) % 1.0 Cu. 
3.7.1 X-Ray diffraction studies of ZnS:Cu 
Fig. 3.36  shows the XRD patterns of the Cu-doped ZnS nanoparticles (a) pure ZnS, (b) 
0.1 %Cu, (f) 0.5 %Cu and (d) 1 %Cu . This figure shows the three diffraction peaks at 
2θ values 28.9, 47.9 and 56.8. The peaks are appearing due to reflection from the (111), 
(220) and (311) planes of the cubic phase of the ZnS. The XRD pattern of the prepared 
samples are well matched with the standard cubic ZnS (JCPDS card No. 050566). The 
diffraction peaks are significantly broadened due to the very small size  of  
the nanocrystals [90]. No other phases have been observed.  ZnS nanoparticles have 
been grown with cubic phase. On comparing with the standard sample (JCPDS card No. 
050566), the X-ray diffractogram and 2θ values of ZnS were found to be in fairly 
good agreement, thus confirming the zinc blende crystal structure. No diffraction peaks 
corresponding to Cu precipitates or Cu-related impurity phase were detected, which 
further confirmed the formation of ZnS:Cu solid solution instead of Cu+ 2  precipitation 
or second phase. The lattice constant (a) was estimated by using equation (3.1). For x = 0, 




0.0 % Cu 0.1 % Cu 0.5 % Cu 1.0 % Cu 
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a was found to be 5.4024A˚ , which is close to the reported value of cubic blende ZnS 
(JCPDS card, No. 03-0570, a = 5.4000A˚ ). Similarly, the lattice constant a for x = 0.1, 
0.5  and 1 % of Cu was found to be 5.36, 5.35 and 5.34A˚,  respectively as shown in table 
(3.20).  It  is  clear  that  the  lattice  constant  of  the  Cu-doped  ZnS nanoparticles 
decreases with the increase of the Cu+2 content. This can be explained by the fact that 
Cu+2  (0.073 nm) has a smaller radius than Zn+2  (0.074 nm)  [92]. Moreover, this also 
suggests that some Zn+2 sites were substituted by Cu+2.  The estimated average sizes of the 
ZnS, 0.1% Cu, 0.5% Cu and 1% Cu doped ZnS nanoparticles are 3.8 nm, 2.9 nm, 2.7 nm 
and 2.5 nm, respectively as shown in table (3.20). 
 Table 3.8: For crystallite size of doped ZnS nanoparticles with varying percentages of 
copper acetate concentration were found to be :- 
Sample Name Crystallite Size (nm) lattice constant  a (nm) 
         ZnS+HY 3.8 5.401 
ZnS:Cu 0.1%+HY 2.9 5.3507 
ZnS:Cu 0.5%+HY 2.7 5.3757 














Fig. 3.36 X-ray diffraction pattern for Cu-doped ZnS nanoparticles (a) 0.0 % Cu, (b) 0.1 
% Cu, (c) 0.5 % Cu and (d) 1.0 % Cu. 





















3.7.2 TEM analysis of ZnS:Cu  
Fig. 3.37 demonstrates the typical TEM image and the corresponding size distribution 
diagram of Cu-doped ZnS nanoparticles. The result shows that the as-synthesized Cu-
doped ZnS nanoparticles are in narrow size distribution, the shape of the particles is 
approximately spherical. The average particle size of samples was found to be 3.8 -2.6 nm, 
which is in good agreement with the average particle size obtained using XRD results. 
Both  XRD  and  the  TEM  measurements  suggest  that  most  of  the  Cu+2 atoms  have 
substituted into the ZnS lattice sites.  
Table 3.9: The obtained values of average crystallite size D (nm)by TEM. for  undoped 











Samples Average crystallite size D (nm) 
TEM. 
Crystallite size D (nm) 
XRD. 
ZnS 3.8 3.8 
ZnS:Cu 0.1% 3.1 2.9 




Fig. 3.37 TEM micrographs and histograms of  Cu-doped ZnS nanoparticles (a) 0.0 %, (b) 
























































3.7.3  EDX spectroscopy of ZnS:Cu 
EDX spectra of  1 % for  Cu-doped ZnS sample are displayed in Fig. 3.38 . spectra reveal 
that only three elements, Zn, S and Cu element exist in Cu-doped ZnS nanoparticles. No 











                           
 
 


















3.7.4  Optical studies  
3.7.4.1 UV-vis absorption studies of ZnS:Cu 
The absorption spectra of ZnS:Cu nanoparticles in UV-light region was illustrated in Fig. 
3.39. The absorption edge at 315 nm is assigned to the characteristic absorption band edge 
of ZnS nanoparticles, which is blue shifted as compared with the corresponding bulk band 
gap (3.9 eV) of ZnS due to quantum confinement effect [95]. However, the absorption 
edge for the Cu-doped ZnS nanoparticles slightly shifted to shorter wavelengths (330-
328nm) compared to undoped ZnS. The fundamental absorption, which corresponds to 
electron excitation from the valance band to conduction band, can be used to determine 
the value of the optical band gap of the synthesized ZnS nanoparticles. Direct band gap of 
the samples are calculated by plotting (ahν)2 versus hν and then extrapolating the straight 
portion of the curve on the hν axis at α = 0 as shown in Fig. 3.40. The straight lines imply 
that the Cu-doped ZnS samples have direct energy band gap and the band gap was 
increased from 3.9 to 4.05 eV with the increase of Cu+2 concentration. The absorption 
edge shifts towards the lower value of wavelength (higher energy) with a increase  in  
concentration  of  Cu+2. It is clear  that  band  gap  increase  with  doping concentration 
slightly. Therefore, the introduction of Cu+2 systematically shifts the absorbance maxima 










Fig. 3.39 UV-vis spectra of Cu-doped ZnS nanoparticles (a) undoped ZnS, (b) 0.1 %  Cu, 
(c)  0.5 %  Cu  and  (d)  1.0 % Cu. 



































Fig. 3.40 Optical band gap spectra of Cu-doped ZnS nanoparticles (a) undoped ZnS, (b) 


































3.7.4.2  Photoluminescence  study of ZnS:Cu 
The PL of the synthesized ZnS and Cu-doped ZnS nanoparticles is studied at room 
temperature to further investigate the optical properties Fig. 3.41 . An intense peaks in  
violet region at 344 , 348 and 365 nm are observed due to the defect sites (absence of Zn+2 
or S-2 ions in ZnS lattice sites) in all the samples. Due to the defect sites, the radiative 
recombination processes between electrons (in conduction band) and holes (in valance 
band) became intense resulted in a sharp intense peak [101]. Another feature of PL 
spectra is the weak emission bands in blue region at 468 nm. This may be due to sulfur 
vacancy and interstitial sulfur lattice defects [102]. Many such defect sites exist at 
mid  band gap  energies  and involved in  trapping of initially produced 
electron–hole pairs thus providing multiple pathways for their radiative and 
nonradiative recombination. In  the present case  of  surfactant stabilized ZnS 
NPs, the PL emission is thought to  arise due to superimposition of different 
emissions originating from the vacancies sites and interstitial atom present in 
the lattice [111,112]. On doping from 0.0, 0.5, 0.1 and 1.0 % Cu+2 ions the peaks 
positions  appear at 360, 350, 348 and 345 nm  and   the intensity of both of these 
bands decreases and showed a blue shift as compared to pure ZnS nanoparticles. From 
XRD measurements it is seen that the particle size is decreased at higher dopant 
concentrations which confirm the blue shift at these concentrations of Cu- dopant. 
In the visible region the PL spectrum  of the undoped ZnS and doped ZnS:Cu nanoparticles 
was deconvoluted into four weak peaks, which are centered at 451,469,483 and 493 nm, 
respectively. The PL  peak at 451 nm has been known due to the recombination 
between the zinc vacancy and the valence band. The PL  peak at 469 nm has been known 
due to the recombination between the sulfur vacancy related  donor and the valence band 
[113]. The peak position of this blue emission does not change with the increase of the 
Cu+2 concentration, which indicates that the energy level of sulfur vacancy relative to the 
valence band nearly keeps constant.  In this case,  the decrease of the luminescence 
intensity at the higher concentrations of Cu+2 may be  due to  the formation of 
CuS. However, the XRD measurement did  not  show the existence of the 
copper sulfide phase. [114,115].  According to Borse et al. this behavior was due 


















Fig. 3.41 Photoluminescence spectra  of (a) undoped ZnS, (b) 0.1 % Cu, (c) 0.5%   Cu and 





































ZnS nanoparticles doped with transition metal (Mn,Co,Ni,Cu, and Fe) were successively 
synthesized by a simple chemical method using alkyl hydroxyl ethyl dimethyl ammonium 
chloride  )YH ( as capping agent.  
   These nanoparticles were characterized structurally by XRD and found to have 
a cubic crystal structure with the diffraction peaks as (111), (220), and (311). 
The crystallite sizes of the undoped and doped ZnS nanoparticles have been 
calculated using Debye Scherrer‘s formula, which shows that a crystallite size 
decreases as the molar concentration of dopant increases. 
 Surface morphology of the nanoparticle was studied by TEM. The NPs have 
been found to be nearly spherical in shape and possess an average size of  2.5 - 4 
nm. 
 The elemental analysis has been carried out by EDX. The spectra reveal that no 
traces of other elements were found in the spectra confirms the purity of the 
samples 
  The   study  of  defects and  color centre in doped ZnS was carried   out by a 
flour spectrometer. The photoluminescent spectra of doped and undoped ZnS 
nanocrystals shows that all the plots contain a broad band centered at 350-500 
nm except for Mn-doped ZnS in which additional new peak centered at 583 
nm is appeared. 
  The optical band gap values for undoped and doped ZnS nanoparticles have been 
calculated from the absorbance versus energy plots using UV- vis absorption 
spectra and it was found to vary from 3.9 eV to 4.1 eV. It shows that the band 
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